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The new Consolidated Model 21-610 continuous process 
monitoring mass spectrometer played a part in the development 
of the Wulff Process for the commercial production of acetylene 
Requiring only 110 volts and a small quantity of cooling water 
for operation, this self-contained, completely portable instru- 
ment was placed on stream in the pilot plant, where it moni 
tored various gas streams under a variety of imposed conditions 


Samples from 19 different points, introduced through a com 


New acetylene mon manifold for analysis, made possible among other things 


(1) the monitoring of feed st me et 


nt 
t 


evaluation of cracking 


us composition Versus tempc rature, (3) determination ot fuel 


production Process gas composition, (4) measurement of acetylene or ethylene 


content in recycle gas, (5) diacet- 

vlene scrubber efficiency, (6) acet 

uses viene or ethylene absorber efficiency, 
nN ‘ 

{ ) solvent recovery and/or loss 


(8) final product purity 


the Consolidated continuous 
process —monitoring 
mass spectrometer..... for “on the spot” 


control 


The chart, below, lett, illustrates the versatility and practical 


value of the Model 21-610 as a production control instrument 


Phe mass-26 peak of acetylene was monitored in the cracking 


gas coming directly from the unit as the furnace temperature 
was Varied. From right to left, the temperature was slowly in 
creased. The rise in the cyclically scanned 26 peak indicate 
rising acetylene content of teed stock. This test showed tha 
acetVlene increased approximately 40 with a temperature 


rise of 5 degrees C. Using the chart as a reference, guesswork 


was eliminated and maximum future production assured. W 
for Bulletin CEC-1824-X23 
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terial... and that with the n 
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reason is lead’s behavior under 


The second 
radioactive bombardment rays with- 
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Like most materials, however 
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form salts on its surface. But \ 
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The last is that n 

work than lead ...a fact wi 
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reason 


No question about it 
for local shielding 


you can depend on 

And you can depend on National Lead when- 
ever you want to make ths 
stopping power. National Lead is experienced 


most of lead’s ray- 
in 
designing and fabricating radiation barriers 

and at National Lead plants and warehouses. 
adequate supplies of lead in all required grades 


and stock forms are available 


e National Lead Company 
New York 6; Atlanta; Baltimore 3; | 
1 13; Dallas hil 
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anew rectifier source 


IRC Miniature MICROSTAK Selenium 
Rectifiers are available in a variety of 
types for many standard and special 
applications, in sizes as small as .060” 
diameter. IRC’s processing technique makes 
possible uniform, high grade, long-life, low 
capacitance cells with performance 


characteristics not available elsewhere. 


Cell thickness to + .001. Less than 1% 
unbalanced voltage on bridge circuits. 


Hermetically sealed types available. 


Voltmeter Multipliers « Boron & 
Deposited Carbon Precistors « 
insulated Composition Resistors « 
Power Resistors «Volume Controls 
» Low Wattage Wire Wounds » 


Precision Wire Wounds » Ultra HF 
and Hi-Voltage Resistors « 
Selenium Rectifiers » Insulated 
Chokes * Hermetic Sealing 
Terminals « 


TYPICAL ADVANCED 
APPLICATIONS 


VOLTAGE REGULATION 
R, 
vw 





Regulated 
Vv 


IN OUT 


AC. AC 





BALANCED MODULATOR 





MODULATION SIDE BAND 
INPUT OUTPUT 





CARRIER 
INPUT 


LOGARITHMIC CONVERTERS 





SEND COUPON FOR BULLETIN SHOWING CHARACTER- 
ISTICS, SPECIFICATIONS AND TYPICAL APPLICATIONS 


INTERNATIONAL RESISTANCE CO. 


419A N. Broad Street, Philadelphia 8, Pa 


in Conada: Internotional Resistance Co., Uid., Toronto, Licensee 
Please send Technical Bulletin SR-2 describing MICRO- 
STAK Selenium Rectifiers. 

Nome 

Title 

Company 

Address 


City... 


Want more information Use post card insert in this is 
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General Electric Announces... 


2 New Integrating Instruments 


...To provide a quick and simple means of determin- 
ing the mathematical integral of a varying unknown 
— or of the integral of the unknown-squared. 





General Electric’s two newly ; 1 integrating instruments 
eliminate the need to know the mathematical equation which 


represents the unknown. 


WIDELY APPLICABLE, the instruments measure such variables as 
thickness, width, diameter, or any other electrical or non-electrical 
quantity. When the instruments ar ed in conjunction with a 
suitable detector and an amplifier, the varying unknown, shown 
in graph 1, is converted into an electrical impulse which is propor 
tional to the unknown. One of the instruments provides the integral 
of the unknown, represented by A in graph the other, the inte- 


> 


gral of the unknown-squared, A; in graph 3. 
FOR FURTHER INFORMATION, contact your nearest G-E Appa 
ratus Sales Office, or write for Bulletin GEC-1230 to: Section 
605-80, General Electric Co., Schenectady, N. Y. 
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Jerome D. Luntz, Editor 


A Pioneering Move 


ion MOST SUBSTANTIAL demonstration of Ameri 
an industry’s faith in the future of peacetime 
atomic energy was made in March. The Du- 

1c Light 
dollar bet that atomic energy was certain to have 
It did 


signing a contract with the AEC to 


Company made a multimillion 
a profound effect upon the utility industry. 
this by 
operate this country’s first civilian nuclear powe1 
plant when it goes into operation in about 1957 
It also agreed to pay $5-million toward the 
reactor. 

What is there about this very controversial 
reactor—the pressurized water reactor (PWR 
that caused a representative of a financially 
conservative industry to commit itself to such a 
risk? 

\lthough the Joint Congressional Committee 
on Atomic Energy has labeled the PWR “least 
likely to succeed” in the achievement of eco- 
nomically competitive nuclear power, there are 
those who contend it is a radical reactor and will 
advance the reactor art. They say it will have the 
slight 
burnup of Pu 


following ‘‘unprecedented” features: (1 


enrichment of uranium fuel; (2 
produced in fuel; (3) long core life (high fuel 
burnup); and (4) production of than 
60,000 electrical kilowatts. It will be the first 


more 
operating reactor designed to have these features 


ECAUSE THE INTERNATIONAL War of diplomacy 

has assigned a high time priority to this proj- 
ect, the first version of the PWR will not come 
close ta being economic Hlowever, supporters 
of the project optimistically stick their necks out 
and say that a 1964 version of the PWR, having 
benefited from operating experience and ad- 
vances in the reactor art, will produce power 
competitive in the United States 

It may have been a wish such as this that 
More likely 
it was probably that plus something like this: 


moved Duquesne to make its offer 


The Duquesne territory, along with the rest ot 


the COUNTY, Is called upon to increase its capa 


it\ by about 4° each veal The company’s 
records show it has several very-high cost powell 
Quite possibly one of these plants might 


built to 


plants 
be retired shortly and a new plant 
replace it 

\ 60,000-kw conventional plant would cost 
roughly $9-10 million, with the turbogenerator 
portion, including accessory equipment, costing 
$45 million. 

Thus the $5-million Duquesne is contributing 
toward the reactor part ol the nuclear plant plus 
the cost of a new turbogenerator roughly add up 
to what it might pay for a similar-sized conven- 
tional plant. 

The inereased cost comes in what it will pay 
AEC for the power produced plus the increase in 


cost of operating such a plant. Over a period of 


5 years, this additional cost might add up to 


$5-million. Thus the picture is brighter than 

would be indicated by AEC’s statement that 
Duquesne will save the Government $30-million 

through the first five years of plant operation 
AEC undoubtedly included site cost in the 

figure. Duquesne already owns its site 

R ADDITION, Duquesne as owner of the electric 
generation plant might salvage it at some future 


Most 


though, throughout its tenure, Duquesne will 


date for conventional use. important 
gain first-hand knowhow on practical problems 
of the oncoming nuclear age and will be better 
able to guide itself on such things as knowing 
when, if at all, it might want to slacken off on 
maintaining its 25-30 year supply of coal 
There is no question but that Duquesne will 
be sailing uncharted seas. We salute this pio- 
neering company in its highly significant pres- 
entation of material prool of industry’s sub- 


stantial interest In atomic energy 
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FIG. 1. Reactor-spectrometer geometry for gamma-ray spectral measurements 


Gamma-Ray Spectrum of 


the Bulk Shielding Reactor 


Interpretation of shielding data requires a knowledge of reactor 


gamma-ray spectra. 


This article shows how scintillation spectrom- 


eters have been used to obtain Bulk Shielding Reactor spectra 


By FRED MAIENSCHEIN and 
TEMPLE LOVE 
Oak Ridge N 


Oak Ridge, 1 
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method using the Compton 
vstuls were used in coinci- 

ne measuring the energy of the 
electron, E,, and the 


ng the seattered gamma- 


-Pecotl 


n, since the angle @ be- 


neident and seattered 
vas known, the incident 


, By, was given by 


| cos @ 


imator that defined the 
he incident gamma-ray is 
thod using pair produc- 
stuls were used in coinci- 
vnin Fig. 1. The center 
wed the energy of the 


pair while the side 


ted the two annihilation 
The energy of the inei- 


“4S 


Ee + 2met 


ethods the pulses Irom 
stuls were analyzed with 

analyzers (5) after suit- 
thon Only those pulses 


to an energy of ~O.15 
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Sensitivity of multiple-crystal gamma-ray spectrometer 


to 0.55 Mev were fed into the gate cir- 
euit. Pulse height analysis of the sig- 
nal from the recoil-electron detecting 
crystal was carried out with a 20-chan- 
nel analyzer (6) after this instrument 
Wiis avatlable and \W ith a single-channel 
This last 


signal, of course, passed through the 


analyzer for earlier runs 


gate operated by the pulses from the 
side crystals 

Energy calibration of the spectrom- 
eter utilized the sources: Cs! 0.66 
Mev), Th 0.59 and 2.62 Mev), Co' 
1.17 and 1.33 Mey Po-Be (O.S0 
and 4.43 Mey Sensitivity 


tions were made with large sources at 


; and 


calibra- 


sufficient distances from the spectrom- 


eter collimator that incident gammia- 


raivs were essentially parallel. 
After the sources 
had been deter mined with an lonization 


had 


ersion coeth- 


disintegration rates 


chamber and corrections been 


made for the internal con 
cients and absorption of the gamma 
radiation in air, the incident flux at the 
spectrometer collimator could be deter- 
mined, The resulting sensitivities, ex- 
pressed in coincidence counts per unit 
flux, are shown in Fig. 2 


For the Compton spec trometer, tive 


sources were 


Natt 


spectrometer 


Only 


poral 


used Wits 
available for the 
The ThC” point was obtained by using 
the Compton sensitivity found above 
The Po-Be point Was determined from 
the known neutron production rate and 
the fraction of the 
state 


aun estimate (7) of 
neutrons leading to the excited 
of C*?, 
The solid lines in Fig 

ieal curves calculated from the known 
cross section (8S) of sodium iodide and 
the known solid angles of the spectrom- 
Since the errors for this calcula- 
1la% 


experimental 


eter. 
tion were about the good agree 
with the 


must be somewhat fortuitous 


ment results 


Measurements of the reactor spectra 


through made with the 


1 


water were 
o-ton lead housing for the spectrom- 
eter arranged in relation to the BSR as 
ig. 5 For all 
ments, the lead spectrometer collimator 
solid angle, A I.SL & 10 


dians 


shown in Mewsure- 
stera- 
Wiis pointed at the reactor cen- 
Water thickness 
ured from the edge of the reactor to the 


terline. Was mieus- 
end of the collimator. 

For examining the reactor spectrum 
itself, an aluminum tube 
by 100 em 
placed between the reactor and spec- 
The 


column reduced the 


5.4 em dis 


long) containing air was 


trometer collimator. Water sur- 
rounding this au 
neutron flux level incident on the lead 
Walls of the spectrometer to a value 
that made the neutron-induced back- 
This 
closing the 


lead 


ground negligibly small back- 


ground Was measured by 


spectrometer collimator with a 
plug as indicated in Fig. | 

$y using two sets of fuel elements, as 
discussed previously, the background 
from long-lived fission-product activity 


was kept small. 


Experimental Results 
The 


tained are 


spectra ob- 


with the 


absolute photon 
shown in Fig. 3 
gamma-ray flux plotted isa tunetion ol 
the gamma-ray energy Curves are 
five different 


Different 


plotted lor reactor-spec- 


trometer separations sVIn- 


bols are used for data obtained with 


the Compton and pair spectrometer 


arrangements, 


Discussion 


The reactor gamma-ray spectrum ts 


produced primarily by: (1) prompt-fis- 


sion gamma-rays (2) short-lived fission- 


product gamma-rays, and (3) neutron- 


spectra ol 
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capture gamma-rays. The 
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TABLE 1- BSR Gamma-Ray Lines TABLE 2. Apparent Relaxation Lengths of BSR Gamma Rays 


Ve vl j 
O40 
0.49 B 
L.2 17—o rs 
i HI 3 04: ' 
6.2 \l 7 i 
7.6 \ ) Jt 

* l } 








May, 1954 - NUCLEONICS 






























































Storage bulbs 
( J 
turnings Wet oir 
Uranium ! ey i 
P} j turnings 0. HgO 
wire | gs {COs} {He « oxygen 
Furnaces ’ e = > generotor 
Air-thermostat ®@ 
1 ae oe oh ermos “Sample = 
f |), Vacuum 8 - Thermo- storage “uortz 
ee aa een — Voc. Vent 
TTT) | | AS bt ee 
gible otal 6 ys | 2)5 St 4 s 
| 5 
‘i 9 UL { 
} u f 
“gy Ye J) | Mognet 
Pt wire Seal 
in cold © | | ~~ Break 
r f 
op 2 y off 
¢ "fs ~~. 
] 2 r Se >amnpies 
| &| 3] 
| o1 2H oN 
| . & 5 
72.7 Ya 7 
j Evi; | aw 
| co ; - 
t > t t 
ee 6 
S Pe 
i Ties Fr Barometric 
| : v4 ' valve 
i lowered Air Vent - 
as ae Ve 
+ A c 
Air - ,- we 
o” 4 
4 
Magnetic Magnetic 
safety valve Sofety contacts 
valve to stop pump iy 
* 5 20 
cM k FIG. 1. Gas microanalysis system is drawn to 
| scale (left) and shown in use at one stage of 
development (above) 


Water-Boiler Data 


) Composition, Decontamination 
of Radioactive Gas Mixtures 





A system of volumetric microanalysis has been developed to determine the 
chemical composition of reactor off-gases with radioactive components. Three 


methods for reducing the activity of such gases are also discussed 


By HAROLD M. BUSEY Boiler” has been described previously gases with the fission products were 

ty of California (2); this article describes techniques mixed above the liquid in the sphere 

Los Alamos Scientific Laboratory and results of off-gas analvsis, and These gases were circulated through a 
Los Alamos, New Mexico considers methods for off-gas disposal. rane -on-alumina catalyst to co 

In 1952 the practice was to operate bine the hydrogen and oxygen. The 

the Water Boiler about 6 hr each day — water formed was condensed and added 

METHODS HAVE BEEN DEVELOPED for at a maximum power of 36 kw. Ap- to the solution in the reactor Nitro- 

preaunarctn the composition and re- proximately 100 ml/min of air were gen and more oxygen than was needed 

lucing the volume of contaminated forced into the system to keep the — to burn the siaaee were also released 

gases from the Los Alamos homoge- radioactive gas flushed from the pres- — from the solution 
: neous nuclear reactor (1). A eatalyst sure gage lines (2). The uranyl nitrate A method was needed to determine 
stem for recombination of a portion solution in natural water was radio- — the composition of the off-gas from the 


ese off-gases from the “Water — lytically decomposed and the resulting reactor. This gas is highly radioactive 


Vol. 12, No. 5 - May, 1954 9 














FIG. 2. 


and must be manipulated in) small 
quantities to the 
Most of the radioactivity of 


vented 


reduce radiation 
hazard 
recombinet 


from the 
the 


the vis 


svstem resulted) from iodine and 
bromine decay chains that vield xenon 
and krypton and, finally, solids Pia 
bad the health stand- 


would be 


ticularls from 


port the esc ipe of iodine 
secumulate im the body 


the limit of S-dav I 


Which will 


Because ol this 


permissible in breathable air has beer 
set at only 3 & 10 me liter The 
maximum timit for the other gases is 


z ~« 10 rhe l, However there has 
been evidence ' 4 inelic iting that 
very little iodine was removed from 
the uranvl nitrate solution of — the 
renctor theretore, the t t ( t hye 
vas strenm Was cuused 1 st ! 
Vernon ated KRevpton 

When rious volumet: L 
metry methods were ee ( 
Hieroveltmetr ric svstem wv te 
Determinations are made | ( ny 
one Cotiponent of a sample It vu 
misture at a time, either | tio 
hy i specie reagent ( y at 
1 controlled temperature et weer 
each component remova the ous 
collected ina constant-volume the 


sftrted? tute rel the Dresstre bone 


Equipment 
\ 


to senle in I 


vstem Was burt 
ay 


introduced 


RSS & 
“oOo that sample 
vis could he 


bulb 


Without the g 


und its composition dete 


aus being in cont t wit! 


ANN material other than glass rie 
and the specific reagents Fig 
also shows the svstem = in st 


stuge of 


10 


dey elopment 


Sampling system with part of the shielding removed 


is 


FIG, 3. 


mis mixtures for analvsis are re- 
ed in glass tubes, one of whic h is 
vn sented to the simple storage 
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The 


raising the level of the 


quantity of gas is found by 


mercury above 
B so that the gas sample is trapped in 
the calibrated dead-end tube in the air 
thermostat At on 


controlled temper- 


ature and known volume. the pressure 


is measured by observing the height of 


the mercury column in the adjacent 


tube of the same = diam- 
2 TM It is not practical to use 
Cupl lary tubing at this pot hecuuse 


f the 


tendeney mercury to 


ling to the wall and give an erroneous 


indication of the gas pressure 
\ small quantity of 
the gas fromthe pump to B during each 


mercury follows 


( This is returned to the pump 
t ng the mercury level above B 
intil the mercury flows through the 


Whereas the 
rawn to seale, as constructed 


the pump, 7, is loe 


equipment in 
ited behind the 
manifolds 6 7 
In this 


Ties Tubes can have a Smaller 





TABLE 1 Radioactive Gases from 
Fission with Half-Lives Greater Than 
One Minute 


13 ) Ir 2:8 l 1.4 
BB 2.4 Ix 2.6 \e 2a 
3 l 10 Xe &. 27 a 
Br ) | S 0d \e 131 
IK ) I 2.41 Xe 9.2 
IK t+ 4 I 22 | \e > UN 
Ix 9.4 I rt Xi 7 
It 7s I 6.7 | 
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e without a decrease in diameter 


ind pumping speed, 


Analysis 


nitrogen trap. The platinum wire in 
the quartz tube enclosed in the furnace 
is heated to a dull red heat, 700° C, and 


the gas mixture circulated for 20 min. 


1 hr to be certain that all the oxvgen 
is removed. When no reduction in 
quantity of gas is observed, sufficient 


oxygen may not have been present 


The gas mixture resulting from the While the analvsis is being conducted, when the hydrogen was burned in the 
wel t lecommposition of aqueous un excess Of OXvgen is present so that previous step. In such a case another 
ural nitrate solution is analyzed in all the hydrogen is removed at that) analysis is made with more pure oxy- 
the tollowing order time. Whenasample does not contain — gen added from the generator 


1. Carbon dioxide plus moisture by 
freezing With liquid nitrogen. 

2. Moisture separated from carbon 
lioxide by tractional sublimation. 

3. Hydrogen by combustion with the 
excess oxygen usually present. 

4. Oxygen by oxidation of hot Cu. 

5. Nitrogen by reaction with hot 
Iranium turnings 


6. Inert gases by difference 


Reagents 


Water and carbon dioxide. \ag- 
nesiul perchlorate can be used to 
remove Water at a few centimeters 
pressure, and it can be regenerated by 
it 250° Cina vacuum. How- 
ever, in a high vacuum this reagent 
found to lose moisture even at room 
temperature. The other chemical des- 
iecants considered would also react 
with other components of the mixture. 
Theretore. atter measurement, the gas 


to be analyzed is passed through the 


sufficient oxvgen, a measured quantity 
is added from the generator by heating 
the mercuric oxide Hot coppel oxide 
is not used to burn the hvdrogen be- 
cause it was found to be very difficult 
to degas (5). 

Oxygen. The excess oxygen not 
combined with the hvdrogen above 
combines with copper heated to 850° C. 
Valve 12 is closed and the gas passed 
over fine copper turnings that) are 
heated in a quartz tube, 11. This 
copper is reduced occasionally het ween 
analy ses by the circulation of hydrogen 
The trap 
should be cooled with liquid nitrogen 


and by heating to 350° C. 


to remove the water as it is formed. 
Since the oxidation ol coppel is slow, 


it is necessary to circulate the gas for 


Nitrogen. Both hot calcium and 
magnesium will react with nitrogen, 
but the Vapor ol either was found to 
react rapidly with the quartz container, 
causing it to shatter. In the nitrogen 
determination, the svstems used for 
the other steps are isolated, and the 
gas is passed over uranium turnings at 
750° C for 80 min (6 The metal 
surface is prepared by removing the 
oxide with dilute nitric acid in an inert 
atmosphere before placing the metal in 
the quartz tube in the assembly. 

The uranium samples used here 
continued to give off a trace of hydro- 
gen, even though they were well 
cleaned of oil and dried before heating. 
This small quantity of hydrogen was 


removed from the remaining gas by 





TABLE 2. -Analysis Checks 





traps at 12. one ot which is cooled with Lest HY cO H 0 \ Inert 
iquid nitrogen. After continuous cir- 
eulation for 30 min, the remaining gas 46 present 1.9% 4.4% 9.05 WS Bee ONG 
is collected and measured. This treat- found 0.5 Het 4.1 5.5 Mh le 
ment removes moisture and carbon 17 found Ou OO5 1.4 21.4 70.8 1.9 
choxice Hydrogen peroxide and the iS check 1.6 0.1 16 21.3 re oe 14 
oxides of nitrogen, if present, are also 19 found 02 oO» ou 4%) 4 71.5 > «) 
removed, but these gases sare not | 51 check ol O05 oo 267 71.9 = O8 
detected in the mixtures studied. H.O + CO 

In tests made with this trap cooled ¢ sound 06 61 5 69 14 
to ou) SO 95, and —102°C, the ¢¢ en 05 6.1 OT | 65.2 1.8 
moisture Was never completely re- OOe os 
moved from the mixture. Therefore, ree 7 . sige wade ssid shia 

> 68 check 07 0.2 26.8 
the mixture is first cooled as above with 
liquid nitrogen; then, by the use of o4+ present | 0.3 O07 19.5 ‘2 4 0 9 
nother cold trap in series, the gas 35 found heating t hie . . pl © ns (2.9 = 
collected in the first trap is separated ria found (heating tubes =e yh soca = 
59 found (gamma radiated 1 6S 18.9 12.4 1S 

I t | sublimation to the second 
trap hich is cooled with solid carbon 

sul fies t 102° ©. Under these 


conditions moisture is removed, and 
the carbon dioxide can be collected and 


measured with the other gases stored 





TABLE 3--Percentage Composition of Water Boiler Gas (dry basis 





in the measuring bulb Test H.O+ CO H 0 \ 
Hydrogen. With all of the gases 
removed that have low Vapor pressure, 70 Before catalyst OST 1% oO! 7 
the same tube, 12, is used at —196° C71 Before catalyst 0.2 6.6 56.6 
for combustion and freezing. All of = 72 After eatalvst 1.0 04 38.5 5009 
either hvdrogen or oxvgen is removed 73 After catalvst 0.2 0.7 38.4 5004 
‘ by combustion on a hot platinum wire 45) co) reference 0.00 1) 45 =. 09 


ind subsequent freezing in the liquid 
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FIG. 4. Decay of radioactive water-boiler gas. One liter FIG. 5. Observed activity of solid decay products removed 
sample removed directly from reactor after several hours of from | liter of water-boiler gas at end of first 24 hr 
30-kw operation 


passing it over the hot 
just used to remove 
copper oxide film re 
hvdrogen to form 
removed by the cold tray 
Inert gases. Oni! 
escape reaction with the 
or the earher oxidation 
Therefore, the remaining 


measured and a qualitat 
tion made by obser, ine the 
the gas is ionized 


cdlist harge 


Shielding 
Most radionetive 


half-life Radiation 


ust 
placing a shield oy 
storage bulb and using 
The samples, whi 
the method described 
lowed to decay tf 
analysis At this 
was only 20 mr mi 
total sample The 
ated from a short 
pressure measurements 
a cathetometer at a dis 


2 meters During thes 


operator rec eived ver\ 


A few measurements 


the rate of decay of tl 
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nvl hitrate solution. radioactive components were adsorbed thev have the disadvantage 


of hvdrogen was and removed from the was stream verv large if a long deena, 
is converted to water In considering the first method, ob- lesired, and eventually the g 
hie mixture over a rvations were made of the periods inve to be released to the atmosphere 


Samples ol gus Of reactor operation and the activity Storage space of ISO liters would be 


! 
iter passage ove! fluctuations at both ends of the 1, 100-ft required for each dav of delay when 


analyzed. A set of long vent pipe that extended from the 200 ml min of gas are discharged 


wen listed with the reactor to the stack Phere was little In another series of experiments it 


the gas flowed through the was found that activated charcoal will 


m oof ar in Table : 


>. 
column contains all inside diameter) pipe. This remove the radioisotopes from the gas 
Vapor pressure at Was equivalent to a 24-it delay tank A 1,700-gm sample decontaminated 
or a delay of 2.3 da It is shown in the gas stream for 6 hi Its useful life 

nof the nitric acid by the following paragrap! that the gus was found to be a function of the total 
hvdrogen, nitro-  : vitv should ha been reduced gas flow instead of the power of the 
then the catalyst about 9 mi r oat | meter in reactor, Therefore, it must have been 


the hvdrogen with iis Time veral Inensurements were deactivated by the moisture carried by 





ren to form water. nade hy ( ! ust before the the Vs, The us flow was about LOO 


is should contain gus entered he iChK Phe observed mil minh flushing nit at zero) power! 


ren in the ratio of activitv varied trom fir to 20 mr. and about 200 ml min when the reactor 


gas of this « OmMposition In the stack the acti vas Was diluted Was operated at 36 kw 
lushing sur, the com- 100,000) times \ ir and vented \ charcoal ti ip system would prob 
iltered in the diree- 150 tt above tl round The total ably be smaller than a decay tank 
average activitVv a top of the stack ~vstem, but would require regenerating 
percentage com- Is probably ~I1™& | yn | once each month, It can be estimated 
before contact \ possible method of gas decon- now that a trap containing less than 


to un hyvdrogen-free tamination woul “mal tanks The 100 ky of charcoal would be ade quate 


trogen and oxygen, decay rate of ; mixture was to decontaminate the gas stream fon 


Values found after followed \ =I) sample Was re- month nother trap could be 
catalyst. No ex- noved after | ( rv ohad operated for a second month while the 
s discrepancy has at 35 kw ‘he activity of the gas isotopes caught in the first could 
Was measured through | meter of an decay enough to be concentrated in a 
oxvgen and nitro- and 1 mm of Pyrex I:ffects of various small tube and then buried 


ut the start, on two shields were also observed This in- 


* ~ 


in the ree I ” formation is) shown graphically 
n recomopine sins ~ , 6 pai . in The author wishes to « rpress his apprecia- 


er boiler was replaced Fig. 4. At 1, 2. and 4 davs the gas tion toL. D. P. King, R. P. Hammond and 
W.R. Wykoff for their technical assistance 
F. Fitzgibbon and M. Redman of CMR-10 


who assisted in the experimental work, and 


flushing air also was transferred to clean, glass-wool- 
<mall flow of argen filled bulbs so that the ac tivity ol the 
thulated the analyses secondary solid decay products could L. E. LaMar for aid in compiling refe 
and after the reactor be followed The activity of these materia 
BIBLIOGRAPHY 


L. D. P. King Phe Los Alamos hor 
reactor, Supo model, LADC-1,081 (1951 
1 to be only 2.2, com- ture was about equal to one-fourth of L. D. P. King, R. P. Hammond, J. A. Leary, 
M. E. Bunker, W. R, Wykoff. Gas recon 
bination system for 1 homogeneous reactor 
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‘ir leak. Also, the At present, the apparent advantage tN es dam private communication 

n that had to be of the decay tanks is that thes require E. Challenger, private communicati 

S. Newton Purification of some la 

to give it the final almost no mamtenance, However vases, MDDC 724 (1947) 


ich experiment. bulbs is shown it g. Oo It was 


oxvgen to nitrogen observed that the half-life of the mix- 


pected, the time that the gas had been out of 


ecause of the lowered the react 


osition Wiis calculated 


ind only 24.3 ml min 





ormed from the nitric 


; TABLE 4 Gas Formation in Reactor with Argon Feed 


tw ¢ onsumed 


Disposal Methods Ex perimy 10S 

Tl} ’ ] { Power 25.5 kw 

I ds for further deeon- = 
Pim 303 min 

the vas have been con- +3 ee 

t \ the thod Argon fee 5.3 ml min 

z ne oe ee exit gas 110 m/min 


slight delay and great 

istack. The second 

Liq. Nz 
HH» 
4), 


use of large delay 
he gas would have time 
before being 

found that in 

ited charcoal, the 
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First gross-fission-product kilocurie source designed 


for utilization studies consists of reactor wastes 


Tela) 


mixed in concrete to form hollow cylinder. 
How existing facilities were modified to produce this 
source from 2,000-curie wastes, how effect of 


source geometry on 10' r/hr dose rate was calculated, 





is told in this eighth installment of a series 


TIT Pre-formed 


concrete 


FIG. 1. Source container in 30-gal drum posi- 
tioned in lead-filled shipping contacine: 


RADIATION STERILIZATION VIII 


“| \ > 


Fission Product Kilocurie Source: 


Preparation, Radiation Intensity 


CONSIDERABLE EFFO! 
rected toward the problet 
methods for utilization « 
power of the mixed { 

the waste streams « 
separations plants 
seribes the preparation 
tional Laboratory 

mental source using Wa 
products This source 

2 000 curies ot mixed 
having an average age 
these were obtained 
stream. ob ah experime 
undertaken early 
lnborator 
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RADIATION SOURCE made of waste fission prod- 


ucts in concrete is stirred by spiral inner column 


By J. W. 
('} | iD on, Argon? 


l / 


( ent purposes, it is de- 

et ice as high a dose rate as 

( It is ( en in the pro- 
that there was available, bv using 

( Stes ¢ } ind and the exist- 
ed ment vithout major design 

v sufheient activity to pro- 
ea urce of. at most. 5 10% r In 
let ptimum conditions. Plating 
i tivity on equipment made 


ttainment of this figure highh 
on cavity Was required to 
nder $3 in. in diameter, and the 
be GVtol4in. The 


f the source suggested was 


e length was to 
h that it would fit into already exist- 
MIT’: however, 


~ SIZE uld not be produced without 


ng stueided eaves at 


r design changes in the equipment. 

Consequently, it was planned to pro- 

le the source in a self-shielded ship- 
init capable of re-use. 


General Considerations 


The source w 


as prepared in equip- 
designed as 4a waste dis- 


svsten This equipment, known 
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1. Preparation of the Radiation Source 


LOEDING, E. J. PETKUS, G. YASUI, and W. A. RODGER 


as the Solidification Cell provides ton 
making concrete out of radionetive 
on drums by 


dictated 


solutions in 30- or 55-gal 


remote manipulation. Logi 
that the source should be contained in 


. , ca 
is staal ad Vorume as Possibre Tor iit- 


imum intensity, and it was decided to 
use only a small portion ofa 30-gn! 
drum for the sective concrete: the re- 
mainder of the space was to be filled 
with beforehand 
The 


pour, whieh were dictated partially by 


Innetive concrete 


exact dimensions of the active 


equipment reometrs were selec ted on 


the basis of ealeulations that are dis- 
eussed later 
Plans called for positioning a small 


7-in. diameter stainless-steel evlind: ical 


can in the drum cold” con- 


pouring 
crete around the can, introducing the 
concentrated fission products into the 
can, neutralizing, and adding cement 
The height of the exn was made suth- 


ciently large, 15!.5 in.. to allow for the 


least possible concentration that could 
be expected from the volume reduction 
step plus the greatest volume increase 


calculable from the lime and cement 





CHEMICAL DOSIMETER is lowered into fission-product source. Plug in cover of 
lead shield has been taken out, is suspended above source pot 






igrout was to be 


conerete during use 


Carrier Design 


the experimental progran 
of three components 


la small tapered pity 
in shipping the 

serves as a seal during transportation 
gram of the shield that also sI 
location of drum 
sample cavity appears in Fig 


Concentration of Wastes 
First step in the preparation 


source Was to concentrate the 
in existing equipment b 


wastes both for recovery ol 


concentration of these 


Exterior of Solidification Cell 


FIG. 3. 


ent 





pr 


Solidification Cell arrangement and eq 


FIG. 2. 


ition co 

id is tukel 
products are 
om which the 


the Solilitn i 


Solidification of Wastes 


Phe source was final 
lifted Solidification Ce 
vas ortginally designed at 
to process the Hqueous } 
produced 


rat 
{ 


Wastes 


revive 
immeobili 


It was de 


aru 


S0-ygal 
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remotels 


center compart ment 
tion chamber and aw 


16 








Into a contammel 


"] 
I 


diameter instead « 
meter, and changes 
re, in the flange 
ller solids addition 
nsure the accurate 
ind cement Stuin- 


s-Ih. diameter was 


with a conduit 
motive powel 
Ww leedel ina 
nated 

] ] 


citi 


electrode } 


decided te 


This was done by 


pots 


wert 
concentrator 

eentrator contin- 
hr for about 75 
niaidnh- 


Phe 


concen- 


Was 


10 |. 


olume 
ut 
further 


constant 
en 

-l] 
It 
heen hoped to achieve a 


200. but 


uh oOVvel 


120 


1 
1a] 


of about 


eto phout 


formation and con- 


upon further 
at 
stuinless-stee | 


4 the 


MN 


reonnectin 


contuim- 
wolyvthene-lined drum 
eoncrete 


the 


mn eold 


ed 


positioned against 


rf uum Was applied 


were Ope ned 


through 


roper Valves 


concentrate the 


ly monitored, 


ause of noperative 


quantity Was not 


ishing the discharge 


1 4) 
reduced the 
ot 


about 


used in stirring the eon- 


tel 


Vol. 12, No. 5 - May, 1954 














a 








FIG, 4. 


centrats 


dition was 
Wis painted 
length ini 


liquuid 


determines 
had been transte 
edge ot 
because 
concent 
out ol 
deseribed 
The 
fa solutic 
0.25 M 
AL NO 


particularh 


still 
tT} 


mm 


In 


Zirconluin 
steel with on 
the equipment 


if 


a 
reboot 


volume of 


Vottlme 
Avitation 
Zution wit! 
teny 


sultant 


idded 


eement 


pot was then 


S HOW ANCE 


HNO 


concentrate 
irate knowl 
Hmiportant 
e degree ol 
n the wasl 
tuetion unit, as 
10 | 
in Hk 
V 


which 


ved \ ith 


V 


0.02 


0.02 
in 


Is 


removing salts of 


rom stainless 


ot 


ate 


Corrosion 


down to a 
transterred 


the 


nined to be 5 |. 


WW here 


neutral 
The Te 
ved 


constantan ther- 


rhe 


the receptacte 
ntil no further 


ut 


is «deter ted 
had 


welght ratio 


nie been 
= the 
3.85 

ju 


itio ot O 5S Wiis 


zed solution 


iture setting of 


Vas contin- 
e homogeneity, 
hardened 
lsenguging the 


and the 


} 
idl 


shintt 
\iter 


aden 
en 


several 


the top 


Ihe 


Dose rate curves inside source obtained with fe 


rrous-ferric dosimeters 


eC opened 


taken 


Dosimetry 


the ¢ 


! 


( 


t 


With the 


He rTuistr 


| itit 
1) 
idiation ley 

ivity Was 
losimetry before 
MIT. The 


enction Was used 


0 


estigutions 


ated in the 


lon 
mum 
! pent 


from the bottom 


in 
The 
from 0 to 5 
that 


intensit 
in 
the 


SOuUres 


denoting 
pletely homogeneous 
uniformity is reasonabl 
hottom 12 u 

\ flatter 
Fig. 4 
rous sample insi« 
can: however, the 


dropped off to OLS 


intensit 


Wiis obtaines 


| 


e 
i 


Samples were 


nett 


aluminum pipe — le 


aluminum ot OOS 


the « 


pipe 
hess losage Was S 


inside two segments 


wall thickness of 0.297 


10° r/hr: and. inside 


hay ng a ¢ ombine (l 


0.444 in., it 
an 


Wis 4.4 


etiecti 
\ley 


indicates 
of about O.4 























FIG. 5. Hollow cylindrical source t F é radius 


mathematical quantities noted 





n activity 


cylinder height on ac- 














FIG. 8. Effect of “hot’’ concrete é FIG Variation of activity 
on activity level vertical axis of cavity 


2. Calculations of Radiation Intensity 


By I. G. DILLON, L. BURRIS, and W. A. RODGER 
(') ae ne 


}) 


matient s 
Ol varintions in 
Chnerey Mev on 
tlong the center 
the souree 
Mquation 1, de 
sion of this article 
the radiation intensit 
the center lin 
source Fig a 
within the 1 


discussed prey 


18 











Effect of energy level on activity 
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Comparison of Methods for Calculating Radiation Intensities 





By I. G. DILLION 
Che nes D 


] 











= 








expand 
sUTning conve 
i good assumption where 
lius of the evlindes 
However 
L)/r) such that the 





( llustration it jet 
slowly and erratically, leading ’ 
xpansion outlined by Lewis The IBM o 


gration of | q. Lin this article is as rapier 


tution of Lewis 

= quite complicated f is 
nsive mathematic f the multiterm series expansion by Lev 
solution described w suthiee for most the atorementioned pitfalls Graphi 


liq. | gives the correct result For a 


he more tedious than the series 
uit multiple ealeulations can be made 1 itl V ral 
nee many operations are repeated. When a large nut 


ver of determinations are required it hight! dwivantsa 


vreous to be ible to set Ip the cnliculation o1 i computer 
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of intensit 


evlinder ts 
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‘td constulr 
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reomett 


ion mten 


hole 


thousand 
radiation wo 
itv. less tl 


1.000 0 curies 


radiation 


| quation 


t 


| 
" 1 « 
idl 


for the specif 


souree Thnater 


dri ‘| bisa poe 


t shown inh 


plied to othe 


rials Pent] 


were taken tf 


Derivation 


thickmne 
omdata ot H 


of Equation 


The intens 


Pomel source 


hie tanaterin 
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per oem 
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gration 
hh etn 
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em? oban 
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Which | Counting System 
ls Best for Laboratory Use? 


THESE DATA . 


Minimal detectable activity 


Standard Times Counting 
Background samples* Efficiency back- Standard time 
Instrument (cpm) (cpm) (%) ground we X 10°° error} (min) 


Well-type 
scintillation counter 140 3,260 48 ‘2 26 8 60 


End-window 

G-M counter 24 1,760 25 1.4 16 10 60 
Windowless 

G-M counter 38 3,150 46 1.2 8 13 90 
Windowless 


proportional counter 58 3,180 46 ie 1] 10 90 


* Each set of samples was prepared with 100 ul I'*' NBS standard containing 6,850 dpm. 
T+ Standard error of the net counting rate used in calculating the minimal detectable radioactivity. 


show that windowless counters have efficiencies equal to a well-type 
scintillation counter. Simpler and more convenient sample 


preparations, however, favor the scintillation counter for laboratory use 


By JOHN H. WEISBURGER ind a well-tyy 


pe seimmtillation counter Was not secured because of the different 
and HARRY J. LIPNER* the instruments used were commer- emphasis on positioning of the counter 
\ Inst f Ivavatiable models with respect to the source On the 

iH ! While sa) numb of studies have other hand, under laboratory cond 

recenth mpenred / the etheren tions it ts possi tole to select or desigi 
cles reported were not obtamed under equipment and geomet for optimum 

ILABILITY and wice lit t In geometr In  efhierenes Also, smaller amounts 

t ne isotope | enl work (7, 2), the radiation from radiation can be estimated with oa 

eSen hist made t t! OUure? Wis higl Co immated ly predetermined error. tb extending thre 

estigate the relative suituble shields and the counter was counting time, 
rious counting svstemes locuted at relative great distances 
it is the werecse cf from. ite wee. Variows position, wowrees Used 

ire the maximum rround the patient had to be senanned The sources used in ou VorkK were 

nable with a Geiger- in as short a time as possible This prepared with a National Bureau ot 

(3-\L) end-window counter imposed geometrica mitutions on the Standards sample of I containing ai 

gas-flow counter operating — efficiency and minimized the amount recurate kt il ite aetivit 

| d proportional regions, radiation detectable with a given e1 lisintegration econd) per unit 

In these cases, as well as in the work volume Although ft ition i 

s n | of Bruner and Perkinson (3), the max ilksaline vhet ( progre e 

( Institute mum efficiency of the counting svstem vetivit 1 el quot 
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deere 
vented* 


olution 


4 


i > 
ig 


W ell-type scintillation counte 
jing supported by table 


Correction for backgar 


i counting ¢ 


quiet ( 
Ironment 
vyrounad counti 


constant 


the total cour 

riutions in ba 
inv rate were ny 
permds overnight 
counting systems by 
meter and continuous 
nected in parallel with the t M Utipher tu \ 
The trace showed short-te : ons 
in 5-10 min eveles where 
from the mean amount 
mately 5-100 Super 
was 2 long-term (2-4 hr 
upward trend, which may 


caused by circuit variat 
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f Highest Counting Rate 


Percent 











FIG. 2. 


insertion and re- 


nple holder. Condi- 


tions of maximum possible geometry, 
( efficieneyv, were obtained in 
e | - i irrangement used, The 
tput the G-M tube was con- 
( t thre nput ol un commercint 

v lit. 
Phe ntillation counter responds 
r ( to the y-ravs of the isotope. 
The G-M > counter primarily detects 
the @-rays of I while the y-ravs con- 
tribute only slightly. Therefore, self- 


ption corrections are required for 


soures that cannot be considered 
niinitel thin. 
Sample preparation. Sample prep- 
ition with this instrument is) in 
renera more complex than with the 


counter. In its simplest 


this preparation Consists in 


etting a solution onto a planchet 
1 « poration of the solvent. In its 
re complex torm, sample prepara- 
olves the reduction of a solid 

e toa fine powder, the suspension 
this vder ina volatile solvent, the 


in aliquot of the suspension 


to a plate or cup, evaporation and 
The G-M counter, under these con- 
tiol was 25° efficient, as deter- 
ne wit! aliquots of the NBs [*! 
sample The minimal detectable ra- 
dioactivit calculated on the basis of 
sample 40° above background 
counted for 60 min, would have a net 
ount of 9.4 LQepm. The minimal 


detectable activity, therefore, is 16.4 


lO ut 


Gas-Flow G-M Counter 

A commercial version* of a window- 
rw counter and automatic sample 
was 


described recently (9) 


sample-preparation tech- 


used. The 


Vol. 12, No. 5 - May, 1954 





Counting rate as a function of sample volume 


nique used for the end-window counter 


also applies to this nstrument sand 
need not he discussed ] irther 
Efficiency. An efficiency of 48°) was 


obtained in this instrument with the 
soft 3-emitter carbon-14 


recorded 


An ethliciency of 46°) was 
with the NBs I] sample when the 
activity was plated over the entire 
area (11.5 em?*) of the glass plates nor- 
mally used with t! eounter When 
a point source was prepared with the 
sume amount of activity the etheency 
was 50°, probably owing to slightly 


geometry. An essentially 


improved 


similar efhicienc resulted when alumi- 


num plates were used as support for 


the sectivitv. This finding was not 


unexpected since the backscattering 
related to the Z 
lass and aluminum are 


With the back 
this instrument, an activity 


factor number) for 


g similar. 

ground of 38 epm of 
206) above 
background (7.6 epm) can be counted 


with a standard error of 12.8°% in 


Autoscaler used 
1.096 


about 90 min when the 


with the counter is set to collect 


counts. This counting period is not 
excessive for laboratory work sinee the 
operation of this system is automatic 
and overnight counting is feasible. 
The 
activity 1s 
s&s X< 107° uc. 


No essential difference in efficiency 


minimum detectable amount of 


therefore S cpm or about 


was encountered between the window- 
G-M 
proportional counter. 4 


counter and a windowless 


Two identical 


plates each gave 466 epm = on the 
* Beta Raytor, Beta Instruments, Palo 
Alto, Calif 
t Mark 12 Model 1, Radiation Counter 


Chi ygo-S kokie, Illinois, con- 
nected to a linear ar p ifier-high voltage 
supply, RCL Mark 15 Model 1, and this in 


feeding a sealer The 


Laboratories, 


turn counting gas 


was methane 





ind 472 


(-\M 
cpm oon the proportional counter \t 


windowless counter 


these moderate counting rates there- 


fore, the counters have practically 
equal efficiency On the other hand, 
Caral, et al 10) reported a 206% higher 


efficiency for the proportional counter 


Owing to the higher background rate 


of the proportions counter iveruging 


aS cpm the least amount of activity 


detectable, as detined mm our previous 
discussion, is slightly higher in this 
counting svstem 
Conclusions 

The data summarized in the table 


on puge 21 show that the windowless 


gas-flow counters and the seintillation 
counter have comparable etherencies 
of 46-4862. while the thin-window 


than half 


(i-M counter is slightly more 

aus efficient as either of the other 
counters. When very low activity 
samples are to be counted, the higher 


background of the scintillation counter 


makes it no more advantageous than 
the other counters examined 

The difference in levels of detectable 
radioactivity among the various count 
ers Is not as large as might be predicted 
background or 


on the basis of either 


efficiency. The greater reproducibility 
of counts with the scintillation counter, 
because of the elimination of self-ab- 
sorption effects and variations ascrib- 
able to sample preparation associated 
allow the reliable 


with @-counters, 


determination of amounts of activity 
of almost the same order of magnitude 


For B-¥ 
scintillation 


counters, 
the 
a useful and desir- 
In those laborator- 


other 
like J!) 


counter seems to be 


as with 


emitters 


able instrument. 


ies, however, where economic factors 


play a role in the selection of counting 
systems, a simple G-M tube used under 
conditions rela- 


appropriate ensures 


tively satisfactory results. 
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Incident 
f-ray 
Effects of angle of incidence, energy, spectrum, 
development, and film properties on the dosimetric 
properties of five films are shown. With 
a thin emulsion and sensitive density measurement 


techniques, NTB film is an excellent dosimeter 


FIG. 1. Geometry of 3-ray angular dis- 
tribution function 


Photographic Detection 
and Dosimetry of Beta Rays 


By ROBERT A. DUDLEY 
Radio ( 1? / 
Va / ly 


Angular Distribution 


Phe v levgree of sceatte 


tribution of t 
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limitat 


finding 
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piss through the surface into the mat- mains substantially coustant, as the 





ter and as they pass back out (if they B-ravs pass throug an absorber 





undergo backscattering The num- throughout a considerable fi 


wtion of 






ber of B-ravs backscattered increases the maximum range Brownell has 







with increasing obliquity of incidence demonstrated this experimentally in 





















and with increasing Z of backscattering =the case of P , Furthermore, he 
material; however t is substantially has pointed out that the approximate 
independent of energy for low-Z mate- — constancy of spectral shape for othe 
rials (4. 6). For anv incident distribu- isotopes can be inferred trom two fen 
tion in which the large angles of ine tures of then ubsorpt te nh. thamelv, con. 
dence are not much more predominant stanev of angular distribution ifter 

FIG. 2. Dependence of dose at surface he , 
4s than in the diffuse case, the angular equilibrium is established) and the ex 

on angle of incidence : 

| distribution of backscattered partie les ponential shape oft absorption eurve 
' approaches diffuse / For very The special signihcance oF an appront 






















| rice tion equal to roughly one- oblique incidence, such as the sin @ dis- mately constant spectral shape is that 
tenth t mum range, whatever tribution from a thin plane source, the it often permits the elimination of 
| thre t stribution. The funda-  backseattered angular distribution em- — errors that otherwise would result from 
this shift is that a dif- phasizes large angles somewhat more the energy dependence of film sensitiv 
ition at the surface of an than a diffuse pattern though in the it\ For example, it is possible to cal 
ociated with randomness thin plane source example, less than the ibrate a film with a standard source 
t entation inside the absorber incident sin @ patter: Whose 3-ravs have undergone a parti 
senttering promotes (4). The surface dose contributed by the ular degree of self-absorption, and to 
ntributed by the incident backseattered particles, expressed as a use this calibration with fairly good ac 
t ~ the pass through the sur- fraction of the dose contributed by the curacy for the o-ravs from a different 
SS is dependent on their angular incident particles, is a figure of interest source (of the same isotope) having dit 
Other things being equal By ananalvsis of relevant experimental ferent, or even unknown, absorption 
enereg <sipation by a single par- data it can be show 8) that, in the 
aoe ery thin curface laver ia pro» case of m timsucdike material such as AV eeee, ee eauee 
tion t ts path leneth in that Lucite, the fraction is about ', for all \ description of experimental met} 
ive In Fig. 2. the B-particle indi-  3-ray emitters of energy between 0.17) ods used in the investigation clarifie 
te . ith length A Af cos @ \lev (Ss and 1.7 Me ‘g and for all its usefulness and limitations 
' <u ‘ er of thickness At. For angular distributions not emphasizing 
‘ irge number of particles, incident at © oblique incidence much more than the Spectrograph 
fferent angles, the total dose D is diffuse pattern In studies of the dependence of film 
, t to the uverage path response on 3-particle energ the first 
’ engt thin the laver That ts. Energy Spectrum experimental technique was to expose 
It is a verv Important phvsical tuct the film to a ealtbrated monokineti 
IP(A | , 
) Ix | da in photographie 3-ray dosimetry that B-particle flux For this purpose " 
dg cos 6 the B-rav energy spectru shape re INO-degre irinble held magnet , 








t} e appropri- 











te neu listribution funetions tor 


P(A) dé. it is found that for perpendic- TABLE 1 Film Data and Processing 





( D A: for diffuse 


ence, D 2A; and for sin 6 inci- ( Ose 






) nfinity This “infinite” acetate 






( ( tly the same validity as I , 1WB filme base 
thi tt dose that is said to occu I c ’ Develop nt* / io 
‘ oint source of finite strength. 
< shows that if NV 3-par- No Sereen 7.0 min, Kodak 15 min, Kodak 






] \-ray >. Sr  . bf 26 X-ray ce powder \ ray fixer 


fusely incident on a film 





t we the same blackening as Indust. N-ray 7.0 min, NKodak 10 min, Kodak 
NV perpendicula incident, the film Type A a. STS 1.8} 21 X-ray ce powder X-ray fixer 















lostmetric purposes is NTB (PO min, in D119 7 min, Kodak 

ey ent on angle of incidence. On Stripping t.5§ 57 wid fixer 
t t | i fileyy 7 ats all . - 1 ’ | 

‘ ‘ "4 Lith is substantially (‘ine Positive lomin 4 COTE D190 G min, Kodak 

lependent of angle of incidence in its No. 5302 2 18 0.72 cid fixer 

lise ~ cddosime I ss mely ~ . . 

a , ae, iw} trong! SWR O. 1s O.16 }imin » cone, 19 38min, Kodak 
ependent on angle of incidence in its reid fixes 
( NSe Hs 4 ¢ unter of b-particles em-*. 

. * 20)? ¢ 
Backscattering + Preceded by st ith: 2.5% acetic acid, 44 
4 4) { . a t Keach side of fi t c 
By wr t the hates ice ota piece ol k Plus T coat elat awe 0.1 g/om to protect « 1] irface ib . 
tte ; ised. by 3-particles as they 
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rements, th 
different 
source 
The resolution 
such that 
on the 
spread © 
energy 
determined 


mensurements 


\ tal 


ibsol itely 
most of the 


somewhat better 


Thin Plane Sources ery Be GEA EM 


Direct) measuren 
made to exami 
film sensitivity on 
sorption undergone | 
reaching the film. The 
pendence is attributed t 
duced in both angular 
tribution during the abs« 
These measurements 
second independent ( 
dependence of film sensit 


energy over a wide energy range. t} ( value vere foun recomp sf thane 
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FIG. 3 


single-en 


Density-exposure relationship for 
slsion Eastman No Screen film 

te to correct: tor 
ions from batch to batch. 


the photographic re- 
front emulsion layer 
the rear laver 
in IN HCI for 
the pull 

performed — by 
with an Ansco 


densits 
meter. Accuracy, after 


rainst standard gray 


the manutacturers 


densitv over the 


EXPERIMENTAL RESULTS 


eshould be chosen 

» purpose ol 
the 
lose, namely the erg 
In B-ray 
the 


measure- 


imetry absolute 


flux 


verment. 


lrements 


appropri- 


rticle/em*. Sensitivity 


fined in several ways, is 
the 


re Aas 


reciprocal of the 
required to produce a net den- 
O30 


e log) ol Since two 


different units of exposure have been 


given, we have two corresponding units 
of sensitivity. For dosage sensitivity, 
the 
ticle 


ticle 


unit Is erg gm for 


par- 


number sensitivity, it is (9-par- 


em? 
Density-Exposure 
The 


and exposure 


relationship between density 
own as a den 


plot. 
and D” curve 


is usually s] 
sity (D) vs. log exposure (£ 
an Hl 


attention ts 


This is known as 


In this section directed 


solely at curve shape and its depend- 


ence on O-rayv energ,\ Therefore eX- 


posure is shown only in arbitrary units 


so that curves at different energies can 


wosed ft nore 


be superim convenient 


com | In the next see- 


pArISOn Of s 


tion, consideratior en to the de- 


pe ndenece of densit bsolute « Xpo- 
' 


sure (him sensitivit 


The 


re lationship round at 


experimental density-exposure 


several different 
energies Eastman 
In this 


otted on a 


lor 4 Miuision 
No screen 1 


Sucl has 


r the #7 and D curve 
} type ¢ t plot 


igraph an advan 

ind also 
in that it per- 
mits presentation of ¢ xperimental data 
with good accuraeyv over the whole den- 


Wit! 


lationship 2) 


sitv 1! these 
ke} 
line having slope 


with 7 1 is 


ange 


the re 


coordinates, 
would up- 
pear as a straight 
" The sper ial case 
shown by the dashed line 

Two significant fe stand out 


itures 


First, and most important, is the con- 


clusion that the curve shape is inde- 


pendent of energy, in the density and 
within limits of a 
that 


even 


energy ranges shown 


few per cent It is interesting 


this is true for particles of 
Vie 
range ol 


thi 


energy 


as low as 0.033 since the 2 mg 


ecm- maximum these electrons 


is only one-third emulsion thick- 





had the 


carried to a 


ness. However, 0.033 Mey 


exposure been density 


greater than 1, this curve would have 
begun to fall below the higher energy 
The 

proached after 


have been lower 


curves. asymptotic value ap- 


long exposure would 


because maximum D 
is proportional to effective emulsion 
thickness 


The 


shape 


some ince pendence 


from energ\ ovel thi 


range of energies and densities was ex 


ms (except SWR 
estignuted 


hibited by all other t 


h Was not my 
ih f 
No screen 


about O.2 


true even for 
emulsion 
than 


e second 


CTUUIS1OT 


from & SOUPEE 


radiator leterm 


tion of the relative magnitude of two 
successive exposures oObpany other SOuUrCt 
without knowledge of its G-ray 


The se 
3 1s that 


energ 


feature of Fig 


cond significant 
Dis very 
tional to & (mis very nearly 
high as D ] 


very grain requires a unique number 


curate ly propor- 
unity) “as 
It can be shown that 
of hits n, and if all grains are of the 
sume size, the initial density vs. expo 


the shape e) Al 


No Sereen grains are 


sure curve has 


By this analysis, 
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Particle number sensitivity of Eastman No Screen film 





FIG. 5. 


Dosage sensitivity of Eastman No Screen film 



































FIG. 6. Particle number sensitivity of Eastman Type A film FIG. 7. Dosage sensitivity of Eastman Type A film 
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FIG. 8. Particle number sensitivity of Cine 5 é 5302 film FIG. 9. Dosage sensitivity of Cine Positive No. 5302 film. 
Diffuse data accuracy low above about 0.3 Mev 
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] 
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FIG. 10. Particle number sensitivity of NTB 
Stripping film. Perpendicular incidence 


FIG. 11. 
ping film. 


Dosage sensitivity of NTB 
Perpendicular incidence 




















FIG. 12 
SWR film 


Particle number sensitivity of 
Perpendicular incidence 


tant to consider 
Inewmence Oh selsi- 

No Sereen 
Type A 
P 


ositive, 


single 
ne spectro- 
the 


0 1.5, 20, 32:3 


made at 


Were 


aenee 


No Sereen, in 

re not accurate for 
oh energies because of 

heulties, 

ilts are to bye compared with 
Tis While hi would con- 

gle horizontal line at unity. 
| Is cnused hy 
the 


where 


re Trom Weal 


thsorption within 
i 


energies, 

, " 
ery small the angle- 
ndence Of sensitivity 
hil At low ener- 


pendence Is Serlous These 


FIG. 13. Dosage sensitivity of SWR film. 
Perpendicular incidence 


curves, together wit! correspond ne 
emulsions of Ty pe 


the 


data on the thinne: 
A and Cine Positive 


importance of emulsion thinness if film 


emphasize 


dosage sensitivity is to be nearly inde- 


pendent Ol ang! 1 mecence 


number sensi- 


{ | | 
angie of ineience 


Curves for particle 


tivitv as atunctiono 


ean be calculated from the dosage sensi- 


data by multiplication of each 
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tivit, re early independent ot 


angle incidence at low energies 


where | track length in the emul- 


is substantially the same tor all 
For No Sereen 


sponse is quite go00d helow O » \ley. | ol 
thick 


sion 
angles of incidence 
parti le number measurements 
emulsions are less depe ndent on angle 
of incidence than are thin emulsions 
Sensitivity 


the 


Data for diffuse incidence 


wv be ealeulated from curves 


tor the discrete nhg 


through weighting eacl 
dP\ 6) dé for diffuse 


both 


Hhemenee 


results fon particle number 


losage sensitivities 
Figs, 4-9 The ace 
0.5 Mey, 


ahgle ol 


us in the « 
incidence ail 
this high, dosage sensiti 
incidence must be very 
that for perpendicular 

| nlortunately it Was Tot pos. 
make the angle of incidence st 
NTB and SWR. However 
the diffi Incidence sensitir 
ited from the y 
NTB 


autsa ( 


estin 
aence nm oon 
dustribution 
When this is done 
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dosage st 
hunetior 
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other filmes 

Relative energy dissipation. 
the perpendicular meidence da 
possible to determine the en 
pation required at 1 
that at O.O4 Mey vd grain 

dissipation 

1-\le\ 
Bethe-Bloch 


thickness 


le velopable 


in the emulsion by a particle 
‘ in be computed froma the 
with thu 


formula emulsion 


ind backseatter data alrene 
The dissipation by a 0.04-Mey 
~ jts full energy, minus a ¢ 
about 106% for backseatte 
eulntions combined 
tivitV mensurements 
tive energy dissipati 
Table 2 
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shown in 


Continuous Spectrum 
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Vol. 12, No. 5 - May, 1954 


Sensitivity of single-emulsion Eastman No Screen film for 


FIG. 15. 
7.0 min 


Dosage sensitivity of single-emulsion Eastman No Screen 
film for various angles of incidence relative to 0 deg incidence 
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FIG. 16. Dosage sensitivity o 3 FIG 7. Dosage sensitivity of Cine 
emulsion Eastman No Screen film = w sitive No. 5302 film with various ab 
various absorber thicknesses er ir ber thicknesses over thin plane source 


plane surfaces of several isotopes f several isotopes 


B 





TABLE 3. Energy-Dependence of Film Sensitivity 
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Dosimetry Applications 


half-thickness. 
of the diffuse 


sensitivity data 


l 


W] 
required 
alibration of 

elaborate. 

y be sum- 


xperimental 


face close rates are 


Into one oft t] ree 


distribution and 


pe known but spa- 


nowh, OF neither 


hor isotope known 
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ch is the simplest, 


DV & O-ray appli- 


»is to be measured 


rher spatial reso- 


1954 


lution than possible with other con- 
veniently available instruments. For 
this case, it may be possible to prepare 
a standard source that duplicates the 
experimental source 

bot! isotope and 

vet is large enough to permit eal 
tion with some absol nustrument. 
Absolute photographic dosimetry un- 
der these conditions 


per cent 


tribution 
Isotope bot! INK! ! = SUSCE))- 


itest ¢ 


pendent of 
could be 
be much 


ereater than for t] S nad Class 


SUMMARY 

For most pract maditions, the 
re ationship between cdensits ind rel- 
itive exposure is independent of O-ray 
energy. 

Dosage sensitivity for perpendic- 
ularly incident electron is a strong 
function of energy it low energies, 
Sensitivity starts at zero for zero en- 


ergy, . ‘ ik at roughly 0.1 


Mev, and thereafter 
plateau of about 
sensitivity for energ! 
approximately O.5 Me 
Dosage sensitivit 
function of 


electrons 





Determining Mesothorium 


Useful in thorium processing, a simple technique is 


described for analyzing mesothorium contamination. 


Extraction of actinium-228, the short-lived daughter 


of mesothorium, provides a much more rapid 


analysis than a direct determination 


By M. ALLISON, R. W. MOORE, A. E. RICHARDSON, D. T. PETERSON, and A. F. VOIGT 
Institute fo lfomic Rese } ) ('} 
Towa State Co 


Lire lowa 


THE COMPLEX DECAY CHAL 
makes analysis for mesot le 
difficult 

Since Rat? is a beta et 
by beta counting would 
~ible However, its bet 
very low energy, 0.053 Me 
nearly impossible to 
growth of its daughtet 
MISTh would also 
analysis since it has 
The obvious answer, to let 
grow to equilibrium: before 
measurement on the sar 
value since the other 

in the chain, Ra®t*4 (T 
rise to beta emitter 

the sumiple in 

of time I 

The 

The ine i) 

The two 

in thorium in ver 

it Various times 

Ot pure thorium 

oft Ra the first met 
obey the relations| 
which A is 0.693. 6.7 


The regrowth of Ra 


I 


tion is mueh more 


it if ! ( 


since in this « 
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Content of Thorium Nitrate 


Why Analyze for Mesothorium? 


processing of thortum for isé a? The 


decay and growth re 


ationshi ps 


dications. the behavior of the natura 


its daughter products 


} becomes of 
wed 


ci ai 
VUsT) Tt is the only 


wit! 


member of the 
non- 


chain halt-lite of more than 


constit 


/ 


j > 
Sta NCES, ta may ile a 


ity hased on its 


half-life and the half-lives and energies 
aa ighte r product shows it to he about 
Ra at 


halt-life is shorter than that of radiun 


] ial activities of the two are 


a weight hasis 7t is roughly 240 frmes 


ab ing it one of the most toxic substances 
this short half-life also establishes that 


At equilibrium, O47 wq or 


e present in each hi ogram of thoriun 


ery small. 


thenovltrifluoroacetone 
Nitric acid, 
Oxalie acid, 
Lead nitrate 
Lanthanum 


num mi 


of lanthanum and 
thorium is removed 
The lantha- 
and lead are removed 
it pH 6. Lead 
pitating it as the sulfide 
then 


! » 
it ja ° 


is re- 


500 mil 
d actinium are 
is oxalates, filtered and gi ol 
Reagents. The reagents used and 
f neentl ; 
trifluoroacetone, TTA 


Co 


itions are 

Dow Apparatus. 
0.25.M in benzene 
lL tol clear Instrument 


hy lroxide 


Sodium hydroxide, 1.0‘ 
O.1A 
10 mg 
10 me of lead 
nitrate, LO 
5.86 gm LasO 


concentrated 


Fluoborate solution, 10 

NaF and 0.71 
acid diluted to 100 ml 

gromocresol green-chlorophenol red 
mixed indicator 

The rad 

measurements wel 


However 


da ig! ter product, follows the sin 


dite con plicated ] 
/j/ fret 
é . 


The 


2) of the 


rate of growth in a freshly separated san 
meek. 

PR 
ia 


collection ane 


‘ maxririum each 


separation of the from oa fae 


and ws i concentration 


matertal in chemical or meta 


arquca 


cate a heatth hazard On the other hand. the 
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ma Jreshi / 


withou 


that the same operation cou d he done 


SEY wently it may be an portant either 


/ of the thorium being proce ssed or to be 

, 
Ra 
processes through whiel 


the Ra? 


determinable. An 


Since this history includes 


the 


content 


thorium has been ca 


€ behavior of through these processes, ul 


always analytical method for 


hecomes the only answer in such a situation 


ration mode! 161 sealing unit and a 


Tracerlab type TGC-1 G-M tube wit! 
mil aZ 
Procedure. 


tain no more than 0.85 gm of thorium. 


2-mg em-> window 
mil 

mg Jantha- 
and 10 ml 


diluted to 


The sample should con- 


Thorium nitrate can he dissolved in 


HNO water, but thorium metal or thorium 


oxide should be dissolved in nitric acid 
ml, 1.9 


gm of boric 


mg plus about 5 drops of solution contain- 
10 mg The 


solution is diluted to 5 ml of 


ml of fluoborate ion 
10 mil: 0) 


ng 


lanthanum nitrate solution and | ml of 


lead nitrate solution are added = as 
loaectivity 


Nu- 


Chemical Corpo- 


carriers, 


e made with a The pu of the solution is raised with 


sodium hydroxide until thorium hy- 


droxide just begins to precipitate 


The thorium is extracted by shaking 





Results of Ra*** Analysis of Thorium Nitrate 


2,048 


1.0605 


2 035, 


2,012, 2 
2 025, 2,080, 


9906, LOLOST, 


in a separatory funnel for 15 min witl 
of TTA 


now 


three successive 50-ml portions 


Standard in benzene, The aqueous laver 


leviation contains the daughter free ol 
thorium. 

If zine is present 
should be ed 


means of a merceurs 


PerTnoy 


Mela 


satistactory. A current of 0.2 
(7 


apparatus deseribed ly 
“amperes lol ko omu Is su 
up to 0.100 gm of zine 


adjusted to 


remove 


The aqueous solution Is 
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the color change of bromoc: 
chlorophenol red indicator 
The actinium, lanthanum 
shaking 


with 50 ml of TTA solutior 
IS readjusted to pu Hever 


then extracted by 


ing the extraction. A secé 
tion is made with 50 ml of 
ind the two portions of TTA 
The time of the final ¢ 
is noted and taken as the ze 


bined 


the extrapolation of the counti 


The activity is stripped fron 
solution by two successive ¢ 
with 50 ml of OLA 

The O.LN 


tuning lanthanum, actinium 


nitrn 


is freed of benzene by boiling 
cooled before precipitating le 
by bubbling HLS throug) t} 


hugging; 


sulfide is separate a 
the excess hvdrogen 
removed from the 


eentril 
boiling. Lanthanum and 
alate are precipitated by 


of oxalie acid solution and 


pil 5 with dilute ammonium hy 


The precipitate is collected b 
the 
After drying at 110° ¢ 
the precipitate is measured by 
with the G-M counter Phe 
of the sample is observed 
the 
time 


through «a f 
t} e 


solution 


more and counting rate 


against The purity of 
cipitate is checked by obser 
half-life; the deeay 

polated back to the se 


determine the amount of R 


curve 
paratio 


samples. 


Discussion 
The reproducibility and 
the method were checked b 
number of analyses of a seles 
of fairly old thorium nitrat 
taken as a standard (see ta 
The steady increase 
rate as the series progresst 
is quite good evidence t] 
mique was steadily be 
The first 
out of line with the others 1 


measurement 


the plausible limits of 
tuations Consequent 
deviation 


the first 


reliable values from the 


standard 
but 


and 


values 


ments using this solution 
of 2.000 + 72 \ 


eliminating 


weight 
some of the 
values gives 2.034 + 40 
{ 


enses the 


In almost all 


34 


; 


t} 


t 


nitric acid solutio 


t 














DECAY of actinium-228 samples 


the actinium sample showed only 


the 6-hr pe riod ot the Ac 


that the samples were quite pure lt 


Indicating 


re was a slight amount of longer- 


material present, it showed up 
low 


tall to 
After 
these 


intensity the decay 


see graph subtracting 
component 


6-hi 


decay curves 


only the component present 
rineipal uncertainty in he 
od is the completeness ot recovery 

ictinlum, Since it is 


rit wit! 


not 


the carrier used 
lor 


and 


the 


ClS- 


ton determining 


lary procedure 
chemical yield 
oved 
ld did 


Actinium recovery. 


correcting the 
LOO 
not appear to be valid 
The COMM 
actinium 


the thoriun 


activity to chemical 
plete- 
recovery ol Wiis 
by extracting 
sample coprecipitating both 
sotopes with lanthanum fluo- 
counting this 
its 


Phis 


sample alter 


+ and daughters had de- 
value see 


the 


table) 
with results 


the actinium separation 


check on this completeness 


igreement between different 


m the same sample 


is sufficiently close 
( ile ntal losses ot 


heck ‘ is obtained 


me equilibrium thor 
, ' 
material was Kal 


nitrate 


counter sf 
nilarly mounted sa 
Was Tlound 
>use of P 
should be 
P*®? and the 
gies, | 
Vey 
geometry 
he disintegratio 
comes (2.66 
> calculated disinte- 
in equilibrium 


lh In 


The 


metal 


Thorium dissolution. 


Colmpiete 
nm ot thorium and 
difficult 
i trace of fluoride ion is present 


the 


oxide is extremely 
vst. However, 
fluoride 


i precipitation of lanthanum 


concen- 


ion must be very 


loss of some « 


I the 


vsis of fluoborate ion was 


furnish sufficient fluoride ion 
the dissolution of thorium 


did 


4 lanthanum 


ul vet the 
The re- 


table show that 


not cause 


in the 


fluoborate 


ot up to 2.5 mg of 


not affect the 


lon ak 
Ra 


Removal 


results of the 


analy 


of Zinc. Interference oft 


zine with the analytical method results 


tro 
PPOUM 


the precipitation of zine hydroxide 
pu ol 


Jexing the zine with sodium salt 


when the the solution is raised 
lenediaminetetraacet ir acid Was 
this re 


d lanthanum 


unsatisfactory since ugent 


HISO 
auha prevented 


l 10-phenant] 


etion 


lectmy 
roiune 


igent was extracted b the 


permitting the zine te 


| pitate 


ig 
ng the zinc by use of a mer- 
Wis satishactory 
the 
cathode 
ol the mercury 
ontaining more 
ere 


} 
dissoly 
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The three sections of this article consider the unit, methods for preparing 





thulium oxide or metal, and clinical radiography with a thulium-170 source 







|. The Portable Unit 











By S. UNTERMYER 
{ryonne National Labo 
Lemont, 1 linois 













TITLE LETTERING for tl irticle Is a 







CN radiograph made using a thulium-1l70 








Tah ae L 4 source, The lettering was fabricated 
a y 4 i wal from solder and radiographed through 
y x =~ nS RT aes x i 7 the thickness of a copy of NUCLEONTICS 
. | \ /J This unorthodox application consti- 
mv : ! \ e “gp tutes a graphic demonstration of thu- 
tainiess - steel tubing ! L--Leod Ay” lium radiography. 
For some time there has been a de- 
re er ene ne eee ; -~{} mand lol simple, portable radiog iphic 





equipment for both medical and indus- 





1 PORTABLE X-RAY UNIT, weighing less than 7 Ib, is cylindrical shield with offset source trial use, Such equipment is of great- 
tube. Cable release controls position of . . . est value in isolated locations, where 
conventional bulky X-ray equipment is 






not available. Army field hospitals, 





small naval vessels, and isolated con- 






struction camps illustrate the areas 


I 
Oi 
a 


















Us where these units will probably have 
en Rca nes. \ | their first application. During the 
7 past IS months, the Argonne National 

‘ea Laboratory has cooperated with the 
Army Medical Research Laboratory at 

Ol6dia. Fort Knox, Ky., in the development of 






a4 Simple cheap portable N-erav unit 





using thulium radiation 
It is well to dispel the notion that 




















such equipment might supersede con- 
ventional X-ray tubes. Standard X- 











OO50°-» 





ray equipment has been developed 






over many vears to the point where 


2 RADIOACTIVE THULIUM SOURCE contained in aluminum capsule that is welded shut. 


Source was irradiated in MTR reactor, provides (next page) .. . superlative results can be obtained 
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1 aur- 
While 

ra 

tole ther 
gained Dy 


Ind) ¢ 


~~ 
<= 
= She am am 





























RADIATION ENERGY SPECTRUM that is comparable to that of 80-kv X-ray tube 
and matches sensitivity peak of film. Intensity is lower than that of X-ray tube, but 
usefulness of thulium unit is shown by 


by experienced technician 
most Unlike 

ever be mute | ec by 

since X-ray tubes provid 
intensity and permit ready) 
in radiation energy to suit the applica ke nan “ Blue Brand’ 

tion. On the other hand, t ium Tilt i Patterson Par Speed fl arti rl ! Isotopes 
sources appear to produce radiographs ssette About 50 mr of thu ranch did not quote a price for radio- 
ol a quality that is acceptable for n ll lation Will blacken no-sec1 ! l he | per active atom 
purposes, and thev can be used at loea ra m ypical 200-mg source were tl we § v quoted for 
tions where standard X-ra cilit i \ITR would have radiocol | hulium sources 
could not easily be Taisicle 1 ! t ! Ol renra i SO uD CAXPOS ; l ! “rs l! vould cost 


Thulium characteristics. 


thulium radiations has been suggested ! on iwifying s \. Unit design and use. To utili 


by several ritish worker , ff nt f ' . eee se thulin arees to best ade 
Thulium has 
cross-section of LIS barns 
life of 129 davs (4 \lea 
Argonne suggest that the 
small amount of resonance 
sorption, corresponding te 
absorption in 
thin sar 
this reson 
The dec 
thulium-17 


in big 


t ong Ss of other tvpe i LU] 
Availability and production. 


t Fi t} 


( i 


intense > 
energy 


Irom 


radios 
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ll. Methods for Preparing 
Thulium Oxide or Metal 


By F. H. SPEDDING, A. H. DAANE, 
and J. E. POWELL 
/ lto Re 


MENT 69, is one of the 


inthis It occurs in 


re ¢ 
a number of 


de- 
MW it| 


quantities in 
of the most 

ne one 

is gudolinite 
neentrated ore, J 
powder Of appronxi- 
ind then leached 
vith strong nitrn 
Which con- 
ill the rare earths, are 
most of the acid 


until the 


to 


remove 


ited with water 
i few tenths nor- 
rare earths are next 


hy 


washed oxalate pre- 


lites means Of 


enited to oxide; this in turn 
vdrochloric acid to give 
mixed rare-earth chlo- 
contains 
the thu- 


nal eadolinite 


thulium. If only 


the thulium and other 
are separated from 


und yttrium by 
rare earths pres- 


dinminetetraacetic 


RADIOGRAPHS of hand, foot, and 
dental work that provide satisfac- 
tory, if not ideal, detail 
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acid (EDTA nd pouring 


ex hange resin 


the mix- 


ture rapidly thi i bed of ton- 
rare earths 


then separat on-exchange 


ire 
ins by the method 


While tl thon can 


" " 
ic omptlis| ed 


Colmun 
ilso he 
elution 


i ‘Gens Ss 
proce We 


to be much 
The 
from. the 


ind the 


tion b ‘ ! hod 


| | 
ereaner wie rapa. 


thulium ca ited 


eluate with oxall bulk of 


it is obtained in b han OS) pur- 


ity, provided yunntities sare 


handled at one rher purity 


the prov repeated 


is desired 


nguin using thy pal | purihed 
thulium 

To prepare the » oxide ob- 
ilate Is con- 
latter is 


at- 


{ , 
rom 


t “ned 
verted to thre 


reduced with clu nan argon 


mosphere , TI metal is then re- 
melted to distill out 


Vtterbium ft 


excess Caleium 
and traces of it might be 
present. 
The 
that 


sitv of O35 


metal Is metal 


machines reuali i Hi a den- 
men The metal melts 


an 
this 


at approximately 1,600° C and has 


Vapor pressure at 


appreciable 
temperature. 
The commercial price for this mate- 
ithy on the quanti- 
with the 


to be somewhere 


rial will depend 
ties produced present 
price OF ore it ts like 
between $5.00) and $100.00 per gram. 


The 


when appreciable quantities are 


smaller cost will be approached 


being 


l } 


made and when the other rare earths 


in the ore ¢ ih pe so i byproducts 


Ill. Clinical Radiography 
with a Tm!” Source 


By ROBERT J. HASTERLIK 
Iryonne Canes ene hil 
( 


DICTED by \l; 
to 


As phi 


how possible 


NCCO! 


diography using a 
exposure times that 
pract) i] standpoint 

The thulium-oxicd 


Argonne National 
ealibrated 


by 


about 751 
self-contained in ;: 
Was controlled 


shutter 
Preliminary studies 


pleted using radiograpl 


talning mid-speed Intensi! 
hy 


and arranged with all « 


the tollowing factors 


grid-fronts, with and 
ot the «: 
and at 


distances, 


o0- and 


Radiographs of 


hand and wrist contai i a tl 


density wax phantom ind ofa qu 


suitable for the eusy detection ol I 


tures have best been produced by u 
i lead-backed cassette without 


front, at 15-in. source-object dista 


and with an exposure til ( BO se 
A thulium source with a1 
rate at least times 


dose Poul 


how in preparation Using |} 


infensilving screens the 


activity source, it Ipated 
radiography of the 
accomplished with 


Lto3 sec, 


BIBLIOGRAPHY 
s9,N 


issettes Ww i ‘ I of le 


inte Lp 


ad 


("¢ -object 


ssue 
ility 
rac- 


sing 


a grid- 


nce, 
{ 


ited 


vyreater Is 
vl speed 


higher 


that 








@ 8/2 kilorep 
*795 


Co® source, 
9,250 curies 


@107 763 
95 , Total dose 


7.63 Ist half hour 
FIG. 1. Position of dosimeters in meat and (before turning) 
measured values of dose received (left). 
Source-meat distance is not to scale. Photo 2nd holf hour 
shows meat, air dosimeters, and source cage ( ofter turning) 





Using Co” and Fission Products 


Experiments with full-weight hog sections show the technical practicality of 
using radiation to break the trichinosis cycle. Results with 2-yr-old reactor 


fuel slugs confirm broad-beam calculations with 12-in. half-value layer in water 


By H. J. GOMBERG,*+ S. E. GOULD,+f J. V. NEHEMIAS,§ and L. E. BROWNELLS 
if niversity of VV chigan, tnr 1rbor, Vici 


GAMMA RAYS from the 10-kilocuri trol has been under investigation for gutted, split, and then cooled for 24 
Co source at the University — of some time (1-10 About 750,000 to hours before cutting. This delay pe- 
Michigan and from old NP (Hanford 1,000,000 rep are needed to_ kill riod was selected as a suitable time for 
reactor) fuel slugs that were in storage trichinae in situ (6, 7). But 20,000 irradiation, and the tests described 
at the National Reactor Test Station rep of Co® gamma rays will prevent here were designed to simulate proces- 
Idaho Falls, Idaho, have been used to | maturation of the larvae to adults, and — sing at this point. 
study the feasibility of controlling 12,000 rep will sterilize the females, 
trichinosis by irradiation of pork preventing reproduction (7). Either Cobalt-60 Tests 
This artiele deals primarily with tl of these latter effects will control While referred to as a 10-ke source 
techniques and dosimetry of these tests richinosis without the high radiation the Co®® source is nominally rated at 
Use of radiation for trichinosis « st or deleterious flavor changes 9,250 curies as of December, 1952. 
ated with a killing dose (17). Measurements and calculations indi- 
* Michigan Memorial-Phoer rojer Slightly lower doses of 200-kv X-rat eate that, when self-absorption is con- 
+ Atomic Energy Commission 


on Biological Effects of Irradiat ; 
t Departments of Pathology: I All these results, however, were ob- | nomina 


t} 
Chie 


roduce similar results (4, 6). sidered 
of Michigan; Wayne County Gene 1 iined in laboratory experiments that ‘VIOUu lose distribution studies 
tal Eloise, Mich und Wayne [ j nin | t lit 
» mH approae prs s om Ons 1OW s source ( be tres ( 
College of Medicine, Detroit, M inition teeredimaaceumaias Th ROMER cam Se treated 
] 


§ Fission Products Laborator During processing, the hog carcass is as a point at distances bevond 10 in 
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FIG. 2. 


lsodose curves derived from spot measurements over 
central plane of array of old reactor fuel slugs under water 


FIG. 3. 


in canal 


Irradiation arrangement used with old reactor fuel slugs 


in Pork Irradiation Experiments 


All of the meat 
13 in. or more 

With the 
known, an 
for Cot 


ts surface (1/2). 
“1 was located 
he source surface. 

listribution im a 
ite half-value laver 


m in meat can be used to 
ite the dose at anv point in the 

hog section 
Procedure and dosimetry. The 
ist significant test of the cobalt series 
ide with the hog section oriented 
the length along a radius was 


hind 


weighed about 


The whole section, a 

1 450-lb hog 
| measured about 14 by S by 
The section was oriented so as 
the 


ered to various depths ot 


maximum variation in 
The meat was irradiated 
center of the section 17 in 
he source surface for 45) hi 
ited through ISO degrees and 
for a second by hr. 
dition to dose determination by 
ferrous-sulfate dosimeters 
the 
< so that an independent dose 


Three sets of 


serted in meat at 2-in 


ild be made. 


eters were used, one during 


+ 


second following 


third 


period, a 
ind a remaining in 
the full hour. 

\ diagram of the source, ana 
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ment 


dosimeters is given in Fig. 1; the experi- 
mental also shown. 
The the 


when it is in operating position. 


arrangement 1s 

wire cage surrounds source 
A set 
of four calibration (in air) dosimeters 


also was used. 


Fission-Product Tests 


In an attempt to simulate possible 


large-scale operations, arrangements 
were made to irradiate hog quarters, 
While it 

principally  ce- 
the oldest 


two 


using old reactor fuel slugs. 
was desired to use 
slugs 
old. 
According to Hunter and Ballou (13), 


two- 


sium-137) radiation 


available were about vears 
the gamma radiation energy for 
SO % 
0.6 Mey, 
Rh?, 


therefore, 


vear-old: fissioned 
1.2 Mev from Pr! 
approximately, from Ba! 

Although the spectrum is, 
close to that of the cobalt 
used, the experiment was carried out 
the 


uranium Is 
“and 14% 
and 


already 


to study effect of differences in 
operating conditions 
The fuel 


two 


Into 
hot- 


were assembled 
the 
water canal 
The re- 


sultant plaques were about 30 in. long 


rods 
rectangular arravs at 
the 20-ft-deep 


storage 


tom ol 
in the building. 
and 27 in. wide, the packing being as 
tight 
used for manipulation. 


as possible with the 20-ft poles 


Before irradiation tests were made, 
the radiation field was mapped using 
The 


poly ethvlene 


a Victoreen roentgen rate meter. 


probe Was enclosed in 
tubing and weighted so that it would 
sink. 
no seatter from it) would 
the thimble. The 
probe was then lowered through the 


held at 


The weight was located so that 
radiation 
reach measuring 


water and various known 
positions above the source 
these 


tests are shown in Fig. 2 for one source. 


Isodose curves derived from 
The isodose surfaces closely approxi- 
mate 
these 
about 
The 


from the plaque surface was analyzed 


surfaces generated by rotating 


curves in a horizontal plane 


the central axis of the source. 


variation of dose with distance 


mathematically and is commensurate 
half- 


ap- 


]2-in. 
the 
pendix at the end of this article 


with radiation having a 


value laver in water. (See 


Compton secondaries into 
account, this is the half-value 
of both 0.6 Mey and 1.2 Mey gamma 
The 
urements and calculations thus serve 
to check each other. 
Procedures and dosimetry. 
hind 


quarter, ol a 


Taking 
lavet 
radiation in 


water (14). meuas- 


Two 


sections, 4 quarter and a fore 


hog careass containing 


used for the 


39 


encysted trichinae were 




















FIG. 4. Dose in air and at corresponding 
points in meat for Co" source. Calculated 
dose based on 8-in. half-value layer. tis 
assumed that space attenuation follows in 
verse square law. Ferrous-sulfate dosim 
eter readings corrected for Lusteroid 
container 


test irradiation. Before 
Lusteroid vials contait 
sulfate solution were inse 
pork so that the dose 


within the meat could be 


The sections were then 


thin plastic sheets to minin 


logging of the meat, we 
they would sink, and 
end of a rope imto the 
rope was tied off when 
estimate, the bottom = surt 
ment was 5 im. from 
SUPT The aver ge 
both seetions were 15 
A sketch of the experim 
ment is shown in Fig. 3 
Because of shrinkage 
ind water currents inthe 
shifted the seetions with. re 
Irradiators, exact condith 
be maintained througl 
posures The exposure 
sections were selected 
bottom laver ot the 


Which received the large 
section, would be slightly 
radiated than the top 
first) section 1 this w a \ 
sections would she 
dose distribution 
Phe second section 
320 minutes and the 
1,185 minutes 
In addition to checking 
t function of position Wi 


the source, several dos 


40 

















FIG. 5. Measured dose delivered to pork 14-in. 
thick by Co"” source whose center was 15 in. from 
nearest surface of meat. Ferrous-sulfate dosimeter 
readings corrected for Lusteroid container 


pwered 
sitions either 
rradiation 
found that the 


lute dosimeters gave 


the Vir toreen mete! 
me lactor Was obser \ 


calibration 


Nd-do 
oduced bi 
In our do 


rated 


I 


OM) 
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rolled slightly, 


the 


meat 


so that 


were 


to the bottom surtace 


Also 


by 


checking 


bution in water as deter- 


Victoreen 


rate 


mete! 


the dosimeters in 


mated 


that 


the 


is S rather than 


This 


the 
20-it 


ol 
i 


changes 


is not hard 


» meat 


rope. 


Tauris 


2). the dose 


affected. 


eters 


that 


pore 


the 


For- 
vided 


bio- 


ould be measured 


vas Irradiated for 


} 
erlay 


» hind 


Actually, 


n the hi 
mm VOOO to 


the 


1 


laurthest 


this 
that 


doses 


» slightly 


Origl- 


the 


quartet! and go 


because of 


nd quarter, 
13.000 1 


dosimeter 


Irol 


saturate at 


Information 


rom. this 


nrormation 


on 


test 


the 


there 
the 
in 
n the 


experiment, it 


the Lusteroid 


about 
cited 
As a 


dose 


eat Was obtained by calceu- 


wever. the 


eters tha 


ected dose fol 


check 


then 


bet ween 


t cid not saturate 


PoOsl- 


tion fell well experimental 


rrol 
CTTOr, 


Biological Effects 
In this series of tests e evTiective- 
hess ol Wl 


venting 


trichinosis infection deter- 


For each radiatio vel 
idiated 
to rats 
was fed 5,000 


mined, 5.000 


larvae recovere I rh rl 


meat were tec tubs 
Another grou} 
arvae Trom 
control. 


) 
»\ 


where (6), nun f adult fem 


Using 

with voung inthe small intestine 6 days 
later thre 
larvae inthe muscles of the 
later 
shown in Fig 


With Co 


trichina 1: 


and number of eneyvsted 


30 davs 


rats 


were determined Results are 


the 
omplete at a dose 


results ol 


irvae Is 


somewhat higher than 10,000 1 


6). This is in accord with 


studies of small and 


rat Ci 


sections © 
The 

number of encysted 

The 


he a 


ork 


irCusses rapid 


very 


depression in the 


| Iv Ss 
Ip ‘ I 


the 


trichinse 
best fit 
straight 


significant 


to data appears to 


that inhibition 
effect. 

that 
sterilization was not complete at the 
highest ed in the Co 
In a similar test 


ne i} ne 


of encystment is a “one-hit” 


soth Figs A) | 


ind 7 indicate 


dose rece] C\- 


periment a dose of 


12,000 r resulted in complete steriliza- 
and 


encysted trichinae in 
Doses calculated 


tion of the females complete 
the 


in 


absence of 


test’ rats 


Were 


this test and were 
adosimeters 


plete 


the fission-prod 


sterilization and 
LO,000 Data 


infection occurred at 


these curves came ent 


r hind-quarte: 
dose of 13,000 


it were all complete 


tiveness ol 


lol breaking the t 
been demonstrate 


vtit sections al 
These results are ¢ 
ition ob atu 


Using a properly 


rad 


plaque In air, irradiation 


cusses in a routine mannel 


studies on the cost 


Further 


process, using cobalt-00, cesium-ts5 


and other radiation sources now 


The se 


aesign ot ; 


ir 


reaching completion results, 
including a tentative 
for carrying out the processing 


published shortly. 


Appendix 

Radiation 
and half-value-layer calculations for 
circular plane sources in an absorbing 
medium, that the 


a large and 


intensity along the axis 


Assume souree 1S 


circular disk that the 


ilong 


radiation intensity at anv point 














2,000 3000 


4,000 


5,000 
Dose Delivered to Meot 


6,000 
(r) 

















FIG. 6 


Sterilization of trichinae in pork by Co" and waste fission-product irradiation. 
Dose measured by ferrous-sulfate dosimeters (Lusteroid). 


Female adults recovered from 


rat gut 6 days after rat was fed irradiated larvae 
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FIG.7. Larvae in rat muscle 30 days after 
feeding 5,000 irradiated larvae 





the axis is the scalar sum 


the 


tributions from all points on 


In « nonabsorbing mediur 


Yorr dr 


dl 
Re? +- 1 


where o@ source strength 
area, r radial distance fror 
axis to point on the source 

R distance along axis fron 
disk to point at which inte 


being measured. Integrating 


where r,; is the radius of the dis} 


In an absorbing medium 





| 
a r (no attenuation) 


+ t 


| | | 
/Radius of plaque used 
| ’ | 





wr 

















FIG. 8. Variation of radiation intensity at point 5 in. directly above center as 
radius of plaque is increased. Plaque under water (half-value layer 12 in.) 


monochromatic radiation 
curly brackets It 


X is substantially 


rium conditions 


the first term within the 


is significant 


where the last term present I ‘ria solutions to determ 


attenuation by absorption of 1 l i of X can be made 
from anv element of the disk to tl easured intensitv values 


point on the axis being studi wn in Fig. 3. From the 


(R? +r /, then ension the svstem 
] 


Expand 


cept for the correction term 


This value of X justifies the assumption 
that only the first term within the 
brackets is important. 

A second order approximation, using 
the second group of terms in the 


brackets leads to 
0.0608 in 9 


This serves as a further check on the 
assumptions 
From the alue of A, the half-value 


lor the radiation Is 


in. from A 0.057 10 
in. from A 0.061 


s, the half-thickness for 

gamma radiation under 
water, check very ‘Il with the pre- 
dicted value I x see text for 
radiation spectrum and references. 

To study further the effect of the 
water on the radiation field, caleula- 
tions using hq 7 were made for the 
intensity of radiation 5 in. from the 
center of a disk source under water as 
the disk becomes larger. The results 
are shown in Fig. 8 It is apparent 
that a limiting value is soon reached 
so that increasing the source diameter 
no longer contributes to the radiation 
intensity along the axis. This arises 
simply because radiation from the 
outer rings of the source plaque ts very 
heavily attenuated by the medium 
It will be seen that, for 5-in. spacing, 
the maximum useful source radius is 
about 13 in., approaching the values 


used in our experiment quite closely 
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Fast-Neutron 
Scintillation 
Survey Meter 


Polyethylene 





ZnS Ag coating 














Photomuitiplier (5819) 


FIG. 1. Sphere assembly of fast-neutron 
scintillation survey meter 


To estimate the biological hazard caused by fast neutrons, a 


proton-recoil scintillation counter has been developed. 


The instrument gives a sizable resnonse at low flux levels, 


has good gamma discrimination, and is nondirectional 


By B. W. THOMPSON 
Radiation Laboratory 
nd Department of Phusit 


? 


1 
B 


ING the radiation hazard con- 


last) neutrons 


The 


low and the methods of 


presents 


ficulties. permissible 


inefficient, as they de- 


nuclear cross sections. 


vs are usually present in 


elds and must be either 
r or excluded from detec- 
iddition, measured fluxes are 


nterpret in terms of bio- 


Thi 
oach to this measurement 
he proton-recoil scintilla- 
described in this article 

It is a highly 

vith 


sensitive 


good discrimination 
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against gamma detection, and gives a 
sizable response even at tolerance flux 


levels. 


Counter Theory 

An attempt is made to estimate the 
biological damage caused by “a neutron 
flux by measuring the energy-flux den- 
sity, ie., the product of the number of 
integrated 
This 


approximation is used chiefly because 


neutrons and their energy 


over the appropriate spectrum. 


it is readily measurable, especially in 
low-level neutron fields. From a biol- 
ogist’s measurements of 


other 
desirable, but in fast-neutron counting 


viewpoint, 


physical factors (2) are more 


these measurements are impossible or 


] 


difficult at tolerance le 


vels. 


In a proton-recoil counter, if the 


range ol the most energetic recoil is less 
than the thickness of the radiator, then 
the efficiency is appre 


ximately propor- 


tional to the neutron energ Mather 


(2), using this principle, developed a 
proportional eountel and a technique 
to estimate the energy-flux density. 
Calculations of recoil counter ef- 
ficiencies under various physical con- 
In 
derived a 
slab 


homoge- 


familiar (7, 3, 4 
Mover (1) 


hvdrogenous 


ditions are 


particular, has 
relationship for a 
neutrons not 
Assuming that the 


than the 


irradiated by 
neous In energy. 
slab thickness Is 


maximum recoil-proton range and that 


greater 


all recoil protons emerging from the 
slab are detectable, the counting rate 


necording to \Nlover Is 


a 


cps), 


10 & 10°" ok kK 


dk (1 


where Ny ts the number of hydrogen 
nuclei/cm’, A is the area of the slab 
face, E isthe neutron energy, and @(/ 
is the neutron-flux density within unit 


Thus, the count- 


43 


energy interval at /. 
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FIG. 2. Phosphor sensitivity 





portional to the energy-flu 


livered by fast neutrons (Me 


This simplified pieture mu 
fied by the faet that not 
recolls are detectable abo 
level, which is set instrur 
reject Compton electrons 
this, the simple proportior 
strated above begins to estimates 
for decreasing neutron energ 


at about 0.5 Mev (depending « 


parathn moder 
ad ithermal detector 
upon the actual ie 
oi Ms Bia sensitivity and 
bias adjustment is set witl 


0-0.2 Mev For the seint 


strument  deseribed here 


to fast neutr 
rring flux densities 


only as good 
energy can be considerab!] operator to estin 
0.2 Mev if gamma-radiation the neutrons o1 
not too high wical effects 
Admittedly, the energy-fl ross the surfs 
delivered by fast neutrons neutrons of unkm 
cisely the most desirable howevel 
quantity from which to inte 


Circuit of fast-neutron survey meter 
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e mixture ts 
Then 


e mixture, 75 gm 


alcohol, 


The pl osphor is 
=| thing the iit 


ing. It Is 


increased, 
IAKES the 
oul 
‘ption ol ic 
With the 
last-neutron 
ive a highly 
ill keeping it 
Using count- 
lower limit of a 
md ean be read with 
ietical design is) to 
nting rate equal to the 
n-flux tolerance. 
full scale on the 
nge is approximately 


then using hq. l 
OO h)E dt 
10, (hk) RE 


i proton of energy 


1 
, Where 


ind substituting 
me finds 15 ¢m as 
meter of the sphere 
counted and there 
unllv about 70% 
counts and the 
omultipher is 20 

] the 


LOSSCS 
em jn dia- 


he sphere is 
photomulti- 
aperture as 

pulses are fed 

er that employs 

a feed-back net- 

s vary from 7 mv to 


some 


form of limiter 
xamination of Fig. 3 
ilse is not limited but 
indershoot 1s con- 
effect preventing 
eliminating overshoot. 


er the selected pulse 
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FIG. 4. 
density 


Neutron permissible energy-flux 




















FIG. 5. 


Permissible neutron flux 


amplitude triggers inivibrator (4 


The * 


to bias out the gamma-electron pulses 


discriminator’ is set high enough 
while allowing most of the pulses in- 
start the 
time the 


duced by proton recoil to 
multivibrator action Keach 
circuit is triggered, a pulse of current 
is put into a meter integrating circuit, 
which averages the pulses into a mete 
The width of the univibrator 


pulse is necessarily long at low counting 


reading. 


On the most sensitive scale 


handred 


rates itis 


a tew microseconds —this 
actually represents the “de: : 
the counter and limits the use some- 
What around a pulsed accelerator (6, 7 
at high radiation levels For most 
shielding is 
the 
accelerator is not too short with respect 


to the 


practical conditions where 


present, and the duty evyele of 


duration of the univibrator 


pulse, there is very | ‘inaccuracy in 


the meter’s representation of the 


energy-flux density 
Magnetic 


shielding of the 


photo- 


multiplier is provided by 
light shield of soft iron 
to keep the weight or any 


instrument at a minimum 


in cases where no magneti 


present reactors 


sources 


vlit shi (] 


most of the li 


thin Cu 


very 


Test and Calibration 


Most of the 
amplitude than the 
but 


proton pu 
gvrentel 


pulses, when one consid 


gamma baekgrounds and 


the pulses can be equal in 1 


The neutron sensitivity for pr 


purposes varies directly \ it} the 


* A compromise 


SENSITIVID' | 


gamma 
between desirable high efficiency and 


is to pro- 


good gamma discrimination | 


for only 
fluxes 
ana 


addi- 


fluxes 


vide, for one ealibration, bias 
the minimum expected gamma 


Another 


calibration curve would provide 


discriminator setting 


tional bias for higher 
With 100-mr, hi 
PoBe 


sensitivity 


reatnidga 
Ra y's biased out and 
using neutrons thre eountel 


\le \ 


wl lf h 


is approximately 15 


em?’ysec, equivalent to 1 cps 
agrees well with the calculated value 

Figure 4 represents the energy-flux 
density at various neutron energies that 
300 
week in The ordinate 
divided by the RBE to 


permissible 


will provide a dose of 
10-hr 
should be 
the 
The curve is 
data 
with 


with Redmond’s (9) curves of 


mrep pel 
tissue 
obtain energy-flux 
density. a composite ol 
the 


and 


available Figure 5 shows 


agreement Snyder's S 
permis- 
sible flux. 

The principal features of this in- 
high 


characteristics 


strument are its sensitivity and 


nondirectional allow 


ing measurements of low neutron 


fluxes to be made accurately and 


quickly. 
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Effect of X-ray energy on transition maximum 


| 


KX=log U ( Uin kv) 


Variation of specific ionization with X-ray energy 


How Biological Effectiveness 
Varies with X-Ray Energy 


A definite dependence of biological effectiveness on X-ray wavelength is shown 


by irradiation of bacteria (4—2,000 kv) and by results of other investigators. 


The relationship depends on transition effect, absorption, and specific ionization 


By WALTER S. MOOS 


Department of Radiology 


the 


s been suggested by 


Failla 
University of Illinois 


Chicago, Tllinois b 


Dp D 


ad 


where dD the dose 


logical radiation experiments to 


WOULD BE advantageous for bio con 


a represents the quality factor | 
to the 


KHOW 
the correlation between the physical 
measured amount of radiation and the tion, and 6 Is a factor 
actually effective energy dissipated 
the This relation 


ship can only examined 


nh I 


biological target. the biological 


be only 


that part of the 
that 


IS 


HUSSUTNECS that the biologi al effects i - Hrective Ls absorbed 


givensystem are qualitatively the svstem 


all X-radiations and 
that the biological material 


lor fturtherr biological effeets are 


ol ( harged 
the 


tl ese 


the same conditions during 
If either 


irradiated objec 


ments one of these faeto . ot effects 


Is not constant, a comparisor vestigation of phenomena © 


effectiveness of qualitative ion and specifi 


X-radiations is impossible These three 


The 


used in this article refers to 


fuctors al 


expression “biologic dependent variables 


mation towards such a unit of dose that t causer vy the scattered « 
the 
obtained by 


same biological effect mum 


a given dose, ind corresponds 
of the quality of the radiation 


Fon 
46 


‘ 


the determination of 


following expression 
1-5 


determined 


ventional ionization measurements 


biological effectiveness of 
that should re- 
iin constant since it depends mainly 
conditions ( 


adiation 


particles 


involves 


I 


Transition effect. <A transition et 


ata depth of a ‘ms. such as 


ADPDroNXl- 


mately to the mean range of the elec- 


trons. Therefore the surface 


of the 


Intensity 
the 
scattered 
with the 


absorbing object is not 


maximum. “The range of the 


\ secondal electrons val 


energ\ transferred during 


the 
the 


action with 
This vari 


the position ol tt 


nregarad inter hotons ol 


X-1 iVs 


inh 


radia- CAUSES 4 


change ransition 
show- 


X-ray 


maximum \bsorption cur S 


b- ip of dose at very hig! 


ing burld-t 
" publishe 


However 1 


energies have beer veral 


the authors 6-8 


effects | 


in insition 


been experimentally 


due to demonstra 


with is Dl 
t. The 
the 


low 
sults of thes 
in big 


transl- The tendeney of thie transition 


MIZa- maximum to move in the direction of 
c X- ii \ ist I ibsort tl 
ng N-rav energies enhan 


the probability of causing an 


iT 
| CANEsSeS 
es COn- 


, 
lular biological 


lec onoce sys- 

I 1 bacteria 

Absorption. The wavelength de- 
the ab on coefficient 


the fraction of energ\ 
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ft the 
demonstrated 


absorbing 


7 O 


is the wave length, o the mass 
constant, 
3.05 
the absorbing material. 
ionization. The 


the electrons, produced 


ing coefficient, Coa 
iries from 7 2.8 to 
pending on 


specific 


Specific 


an absorption process, 


smaller and smaller with in- 


Fig. 2). 
that at 
probability ol 


reasing X-3 ivy energies 


One would expect higher 


energies the 
an effective number of 


in a small biological ob- 


es less. One can conclude, 
at the quality faetor a 


fir). 


variation of specific ionization 


a function of A, Le., a 
This 
ias been studied by numerous authors 
variety of biological and other 
materials (10-27, 40, 41 


reviewing the literature did not always 


onagrent 
However, 
result in consistent answers In respect 
to the biological effectiveness (14, 19, 
20) This might be due to numerous 
variations of 


circumstances, such as 


the experimental procedures, changes 
the biological material, and other 
factors that at the present time cannot 
be accounted for. 

For reasons of Comparison, we pre- 
sent in this article our experimental 
results together with a short review of 


Table 1). 


concern is to obtain, inde- 


lata from other authors 


hur main 
further indications in regard 
effects of X-radiation of 


velengths on biological ma- 


pendently, 
to the lethal 

was advisable to cover a 
range of X-rav energies to 
significant variation in the 
on of the radiation with the 
should enable us eventu- 
i definite relationship 


vavelength and biological 


f the radiation. 


Experiments 


xperiments were carried out with 
t kv, 39 kv, IS6 ky 


allow a 


and 
ince bacteria rela- 


irate standardization in 


Donner 
alifornia, re 

m our P. a 
According to their 
L1)-50 


s exactly 


dose wit! 


with our 


that we 


1 constant 
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procedures, 


strain B) 


expel imental 
bacteria / 


) ) 
I SE MAOMONAS 


respect. to 
growth, ete Coli 
and strain 
1630T 


In oul 


acruginosa 
were used ss biological objects 
Both 


approximately the 


experiments. tvpes ol 


bacteria are same 


size and were grown under identical 


conditions. The purpose ot the choice 
different 


to obser ve 


of two bacterial organisms 
different 


Such a 


Wiis an eventual 


* 


response to the radiation 


variation was found and will be dis- 
cussed later. 

The bacteria were sprayed on the 
plates 15, 30). EK. 
with 4, 39, 
ISG kv; P. aeruginosa, with 39 kv, 186 
kv and 2-Mey X-rays. 

Irradiating equipment. 
X-ray 


was a laboratory-built unit 


suriace ol 


Coli was 


agar 


irradiated and 


The 4-ky 


constant potential apparatus 


(15) with 
The 
maximum intensity of the 4-kv X-rays 
15 kv due to the Alx 


No filters were employed 


Al anode and cellophane window. 
is at about 
radiation. 


except the cellophane window. 


The 


radiation 


dosimetry ( sott 
demands special attention 


The 


ments must be made in 


and equipment. dose measure- 
the identical 
position where the objects are irradi- 
ated (31 


is considerable at this energy 


, since air absorption of X-rays 
Special 
ionization chambers were built for this 
purpose (13, 31 and the change of 
potential on the chamber electrodes 


caused by the ionizing radiation was 
determined with an electrometer. 

The 39-kv and 1S6-kyv X-irradiation 
carried out with 


The 39-ky 


worked at constant potential, and the 


of the material was 


standard equipment unit 
X-rays were filtered only by the glass 
of the tube (equivalent to 0.5 mm Al). 
Was assumed 
The 186-ky 
a half-wave 
filtered by 


giving an 


The maximum intensity 
to be at about 26 ky. 
X-rays were produced by 


rectifying unit and were 


0.25 mm Cu and 0.5 mm Al 


almost monochromatic radiation at 


about 70 kev 52). 
The 


very high energy radiation 
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Holweck 
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Holweck, 
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Difference in Radiation Effects with Variation of X-Ray Energy 
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equilibrium, 


Results 

Figure 3 shows the su 
obtained by irradiating / 
P, aeruqunosa The perce! ure 
Vivals IS plotted as am tune 
dose in kiloroentgens for X 
different energies The 
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The point indicate the 


of the experimental finding 
All dose mensurement 
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In the case of / ( 
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FIG. 1. Detector assembly for background monitor 


Interpreting Background Data 
from Scintillation Detectors 


Continuous observation of radiation background for seven months indicated that: 


| 
Resolution was limited to a 15% change in background by the temperature | 
dependence of electronic circuits used with the scintillation detectors. 
2 Background is relatively constant except for infrequent excursions 
related generally to the amount of precipitation; usual variations are 
within the 15% resolution set by instrumentation 
By LEONARD R. SOLON, JAMES E. McLAUGHLIN, and HANSON BLATZ 
Radiation Branch, Health and Safety Laborat New York Operation Office 
U. S. Aton ky ( n, Ne York, Ne Yor! 
SACKGROUND generally ment thre nucies eauctors ind to assure sate hourly ree ls of the area gam back- 
diation associated with cosmie 1 nel dispersion of wastes and effluent. ground, and an attempt was made to 
naturally radioactive substances su 2. ‘To track the spatial and time dis- — correlate the observed background with 
as radium and uranium. But the ad tribution of increased radioactivity meterological data. This report sum- 
vent of nuclear fission and artificia g weapons tests marizes baekground observations for 
produced radioisotopes has bn ened Sines 951, the Health and Safet the period August, 1952 to Fe 
the meaning of background tory has maintained, on the root 1953 and discusses, briefl 
From a practical port ol f thie fthe NYOO, a continuously recor ling ment be 
purposes of area background mot ) ( for measuring background ; . 
ing today are nd ecting and counting atmos- Monitoring Equipment 
1. To detect malfunctions by obser pote ust A period perusal of the The gamma background nitor 
ing departures from normal back- ntinuous records has been made since — consists of two channels. ea vith a 
ground in production facilities in that time \tter August, 1952, spe-  thallium-activated sodium iodide ervs- ° 
ing radioactive material ! Wing ttention Was paid to maintaining tal coupled t i photomultiplier tube 
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m the multipher tube is fed 


TABLE 1--Summary of Data 


lifier plus cathode-followet 
| for preamplification.* Both de- 
tectors and their preamplifiers are in- Ltegres 


ited into a single assembly and Month " equal 


Irom a superstructure at- 
i shack on the NYOO root Aug. 1952 70.68 7 
Power supplies and recording Sept. 1952 DAT 
lipment are inside the shack. Oct. 1952 39 7 
\ gamma-ray photon, upon interact- first half 
gx with the crystal by any of the usual Oct. 1952 a 096 7 
bsorption processes, (photoelectric ab- aaa ta P 2 Wy? 


sorption, Compton scattering, or pau 
Nov. 1952 . 053 7 


on) causes light quanta pro- ; 
Oo2 7 


duced in the crystal to liberate elec- 
Dee, 1952 , OST 7 


trons from the photoemissive surface ot 
O73 T 


the photomultiplier tube. The result- 
ng ionization pulse is fed into a pulse Jan. 1953 220.15 7 

implifving network that feeds a rate- 24-0.082 7 

meter reuit Feb. 1953 200.12 7 16 66 


a 241). 10 T 16-66 
bien Correlation 





It soon became apparent that the ra- 
lation bac seems record exhibited a 
negative temperature gradient with 
divisions by B ; the temperature in 
respect to the temperature reported by 
the U. S. Weather Bureau about 3!. 


miles from the equipment. That any 


degrees F by 7, the least squares fit to 
the line 


B at+hbT 1) 


correlation could be established from 

temperatures measured at a point so was determined for each month with 

remote from the monitoring station — the exception of October. During that 

may at first seem surprising. Actually, month the installation was overhauled; 

Variations in temperature irom = one two gamma channels replaced the sin- 

point to another in the New York City gle one formerly in operation. The Strictly speaking, this quantity repre- 

area are relatively slight. data, then, were divided corresponding — sents the standard deviation of B from 
Even though the cause of the appar- to this modification. In hq. laand 6 the least squares fit only at the pont 

ent temperature correlation was un- are obtained by solving the normal whose abscissa is the average value of 

known, it had to be considered properl, equations a However, E is a good approxima- 

in evaluating fluctuations in the back- ads ; ; tion to the standard deviation over the 

ground record. The procedure fol- ania te ger entire line, except near the ends 

outlined here ant +4 ts 278 For purposes ol determining changes 

the background in seale where (7.B) are a single set of hourly in the background that were not at- 


observations. tributable to the temperature effect, 
discussed by A. A. Me vee . ; 9 
6 25, No. 4, 131 un Phe standard error of estimate, EF, is two parallel lines are conceived as being 


yiveh by constructed above and be low B a 
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FIG. 2. Background monitor response for FIG. 3. Monitor response for laboratory FIG. 4. Monitor response for another 
natural background radiation source radiation source 
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FIG. 5. Calibration curve for channe! 


4 are drawn a distances l 5 
the le t quare rie | 
tundard deviation r 

to a 0% { nee leve 1’; 


bose nd range estab ( 

oe _ ag 

were led oat proba 

eal chang nthe back ‘ 

ere fe uch period 
rwontl overeadL b t} em 
able | summarize \ 

throu hebrua 1953 t 


Recenthy experinent 
aL ormed that estat ! { 
mental « n ¢ the } 
temperature correlation \ 
ithougl Nal tx hia i 
ti erature coeflicient t 
interest.* thu i ( 
effect than that observe 

\r experi t Vil et 
Healt! ind’ Satet Lab t 
equipment very nearly ident t 
background monitor on the 1 | 


detector head was pineed ns 


inble-temperature oven (; 


plate voltage on the phot 
tube 

Three different backgrout 
used: the normal Jaboraton 


eround and two higher b or 


\V I Minarik HW. GG 1) 
Rev S Instr. 22, 704 (1951 


s s 
e . 
nit FIG, 6. Calibration curve for channel! 2 of monitor 
( t 
>) Zz ys + + ; 
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th ent temne : ry r 
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( P ; P Pr : 9 
t Ince ge O95 t uv t ‘ 
ed at suit ( pect s of t eg ! 
t ( Figures 5and 6 equat ‘ For « ‘ 
t en « = tive ) i te t 
nt { ie te ‘ ture it¢ ) ( is { ned 
\ + + t tt ( ¢ ”) F + 
t é T ry t 
( ! r it to re P tio! these cle 
et erature ‘ t t te ! ( ent 
t ind thie ul ~ It shou ed that e Seve! 
{ el 2 also « t 1 ( kgroul r SO- 
{ tt ‘ te ‘ tat ; 
t t eel t a 
Test of temperature dependence. tivit te ths . 
| t enta gin the k 0 creat tr « 
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%>2 Temperoture effect 


~S aw’ 

















FIG. 7. Increased response obtained when 
environmental temperature of electronic circuits 
was changed 


Lag in background monitor response 





neasureable 


TABLE 2— Variation of Background 


equent periods, gen- 
W th the presence ol! 
Ipitation, radiation 
bits a substantial con- 
, } 2! § ; ‘ 4 tatio 
the equipment used race precipitation 
, 2.05 in. rain, 1300) 2400 
itelv resolve less than a Kk 
99 : O.10un. rain at O500 
in “normal back- 


No precipitation 


gure is probably an upper 0.72 in. rain, 1500-2100 


ariations in background. 0.45 in. rain, 1700-2400 


natural background may 


No pre ( ipit ition 
more stable than this. 


No precipitation 
O.OLl in. rain at 1400 
No precipitation 
No precipitation 
No precipitation 

id measuring No precipit ition 
particular, grate- 
eto R. Gravesor 


No precipitation 
7 0.02 in. rain at LLOO 
who designed the ' 


all matters 2 ; : ; 0.55 in. rain, TSOO-2400 
Professor 
s Department Veu - 
, » , . ‘ No precipitation 

; rite of vatuat 


continued and ‘ No precipitation 


No precipitation 


ncor porated into 25 3: 0.13 in. rain, 2400-0400 
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CROSS SECT 


Simple 
Radiation 
Shielding 
Doors 


By W. G. WADEY 


As part of the radiation 
for the Yale linear eleetron aecelera 
two concrete doors were requir 
2-ft thick and one 4-ft thi 
larger door is S-ft wide, S! 
and 4-ft thiek This means 
of about 25 tons except 
2-ft thick, the smaller door 
sume dimensions: 
14 tons 

At other laboratories var 
of power-operated rolling or 
doors have been used, We vy 
have a door that was as 
foolproo! us possible one 
man could open by himself 
possibility of being trapped | 


electrie power or failure of 


mechanism vall 


A simply-hinged door 
counterweights or mechan 
plications, proved practicable 
commercial roller bearings 
bearing hinges The Farrel-Birt 

ol Anson i ( nel 


designed the hinged and ( 


ham Company 


gate for us 

The structure of the large 
shown in the illustration on t 
Conerete is poured into a 
made of 'y-in. steel plate 
forms the outer surfaces of 
doot The load Is borne 
Its backbone is a ve 
plate that projects tre 
bears the moving halves 
bloeks The gate itselt 
from 6 & 4 & %x-in. steel 


fore the concrete Was pour 


54 


IONS 














Irame 


} 


tee | ehanne | except 


piate sane 


membet 
red to the 
network of reint 


Construction technique. 
trued 











(ool 
half-oper 


ute! ed open ol 


ol here 
» concrete wus 
poured round he frame Its hinge 
iXis Is not and the door swings 
MOSITLONS stl i force 

s sufficient to open it 
trueness ¢ readily be 
miason’s Becuuse 
now say that such doors 


enough without special 


‘re not at all sure this 


cost of the doors cannot 
precisely beenuse the 
shielding walls were 

together However the two 
doors cost about SI1L500 The archi- 


as Orr-Kero Saarinen and 


tects, Doug 
(Associates, have informed us that the 


thickness of the door does not influence 


nsay that 


its cost much, so that we « 


1 door Cost about S6O.000 
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DECONTAMINATION CHAMBER is made of Panelyte sheets (St. 
Regis Paper Co.) mounted on aluminum angle frame over stainless- 
steel floor with emergency drain at its center. Panels are inter- 
changeable with standardized gloved ports and safety-plate 
glass viewing windows. One work station is shielded with !»-in. 
lead and X-ray glass window, has remote-control tongs. Lights 
and exhaust filters for 1,000 ft* min ventilation system are mounted 
on top of chamber. Sliding door is at other end of unit 


mh 


SANDBLASTING in this unit gave average radiation 
reduction values, in a test run with items that withstood 
chemical decontamination, of 85‘; for beta-gamma 
radiation, 55°) for alpha radiation in an average blast- 
ing time of 10 min, using 25-lb air with No. 120 Car- 
borundum grit. Larger grits used at higher pressures 
give more rapid and complete decontamination, but with 
increased surface damage 


Two Inexpensive Decontamination Units 


By O. L. OLSON and J. F. GIFFORD 


Section, Engineering Departmen 


Hanford Atomic Products 
‘ Washington 


Operation* 


rsatile decontamination chamber and a sandblastit 


net have been designed for decontamination of labora 


equipment Construction of both units is shown by 
istrations on this page 

‘he decontamination chamber has been used succeesstully 

disassembly and cleaning of equipment with 

Work in the chamber 

med on an inexpensive pipe and L-frame dolly 

“d with a metal tank that serves as a sink for chem- 

contamination, \ 


‘Is as high as 5 rin 


small electric crane, operated 

ind-held control box outside the chamber, can move 
ils to any position within the chamber. 

lock visible in the picture is used for transferring 


into the chamber from standard gloved boxes 
tems are introduced and removed through ul sliding 
Care in removing decontaminated items keeps con- 
nts in the unit. 

s used to seal the door shut and also to seal cracks 
sheets The 


ited with '45 to 'y¢ in. of 


interior of the cham- 
Monsanto 


Panelyte 
1)-1000 
lispersion strip coat that ean be removed when it is 
nated 

chemical decontamination is unsuecessful, sand- 
| 


in reduce radiation levels as much as 99° 


rd rated forthe U.S 


s ope 
reneral Eleectrie Co 
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Atomic Energy Cor 





' 


| 4 
= 


Fhe “ 





Fiberglass filter | 
l 


vy w—| 








Sandblast nozzle, 
(hondied thru 
glove ports) 





High-pressure 
air line 











SANDBLASTING CABINET is made of plywood; heavy 
coat of Monsanto D-1000 strip coat on inside seals open- 
ings, makes unit dustproof. Exhaust blower and filter 
provide controlled airflow to prevent room contamina- 
tion. Sandblast nozzle is an American Wheelabrator 
Equipment Co. suction gun. Grits contaminated by 
many months of recycling do not recontaminate cleaned 
surfaces, but filters have to be replaced frequently 
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FIG. 1. Scintillation probe and arrange- FIG. 2. D-c microammeter for measuring FIG. 3. Results obtained in tissue-equiva- 
ment for measurement photomultiplier output current lent media with three isotopes 


Scintillation Probe for Determining 


Relative Beta-Ray Intensities 


By WILLIAM B. ITTNER III* and 
MICHEL TER-POGOSSIAN 

The Mallinckrodt Ir 

Washington Unive ty Med 

Saint Lou V 


feta-ray dosimetry, in b 
olves determination of the 
sipated in a tissue-equivale 
by the radiation at a particu 
Mapping of a radiation f | 
immediate vicinity of a sou Scintillation Counter 
ever, is rendered difficult: by ( [The p it apparatus is designed 
ness of the radiation gradient ry the if the x 


irticle describes a scintillation int the tv of an extended 


iatior 
instrument designed for nmersed 
Absorption of medium-er 
ravs in low atomie number 
practically independent of t] t t} of anthracene 
number and depends on lane surta 
sity of the absorber. — ¢ 
it a beta-ray dosimeter 
detector of moderately 
number materials 
close to one, it 
useful for beta-ray 
tissue-equivalent mediun 
turbing the beta radiation f 
In a setntillation countes 


tion between the energ) 


* PRESENT ADDRESS: Inte 


ness Machines Corp., Endi 
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“dat the bottom 
plotted as microammeter 
the 
be and the surface of the 
‘ad directly 


between 


is. distance 


itter being re 


Instrument Limitations 


it only relative radiation 


be performed is not 


restriction on the use 

in general, it is 
‘SV to determine 
absolute radiation 
surface. For 
in infinitely- 
intensity of 
Is equal to 

a port 


\ equilib- 


has been 

? in connec- 

led plane 

sensitivity of the 

ly high to apply 

more complex 

faces through the use of a 

smaller detecting element. 

radioactive sources to be 

sufficiently ex- 

edge effects. In 

at the edges ol 

e should not be closer to the 

than the range in a 

medium of the beta 
the source 

valence of the mate- 

the beta-ray source 

1dequ ite The source Is 

Lucite plate and 

Phis 


However the 


thick 
wate! arrange- 
surrounded by an 
hich, in the vicinity 
0.5 mm thick 
ably introduce some 
field, but 


ortion is assumed small. 


ibout 


the radiation 
distribution measurements 
hy this 
nplieated 


instrument are 
the 


some- 
when source 
estigation emits gamma ravs 


on to the betas The gamma 
contributes to the photomul- 
rent by producing pulses in 
cene as well as in the photo- 
tube itself. This contribu- 

determined and subtracted 
total current by covering the 


ith an aluminum = absorber 


thick to stop the betas, and 
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measuring the gamma component alone. 
When au thin both 


and measured, 


source 


emitting 
gamma beta rays is 
the 


small, 


contribution is usually 


Tie thod 


gamma 
and the 


compensating — for 


described for 
VUMMa-ray con- 
tribution is satisfactory However. 


for thick 


tribution 


sources, the gamma con- 


large 


here asingly 


the beta 


bec Ones 


with respect to that of rays, 


leading to gre: corrections and 


consequently le ‘inble results. 


Measurements 
The beta radiat 


ident along a 
direction perpendicula an infinitely 
radiation has 


ind 


extended plane SOUTE 
been determines 
I'!)) Sources wet satu- 
rating cireulal papel 
of the isotope 
with a 
the 


} 


filter 


With an aqueous so 
n the case of P i Th and 


colloidal 


ense of Aull 7 ze of the 


water In 


SUSPelsloO 


paper disks ey diameter ot 


the probe by t betau-rav range 


In a tissue-equivalent medium 


Radioactive disks thus prepared 


were autoradiographed to detect: any 


inhomogeneity in di bution of activ- 
itv. Examination of the autoradio- 
graphs revealed a uniform distribution 
with the exception of a marked excess 
of activity at the outer ¢ 
Accordingly, the 


somewhat larger 


dge of the disk. 
were made 
necessary and 


med to provide ui 


thus 


the outel edges t 


uniorm source sources 


prepared were ba Vvoa /o-in 


Lucite plate and OV V1 a 
0.006-mm aluminum 
Readings were t very 0.25 mm. 


The first 


iKCT) ¢ 
re sponded to a 


reading Col 


position where the nd of the probe 


and the surface of the 
this position 


source were in 
contact being determined 
by measuring the electrical resistance 
between the aluminum foil covering 
the source and the probe of the counter 

The source th 


in all 


was 20 mg em? 


ICKNeSS 


CHSCs Curves were also ob- 
thickness of 40 
Within the 


curves 


tained for sources 
mg em? and SO mg /em+* 
experimental errors, the ob- 
tained with these sources were identical 
to those with 20 mg 


observed cm, 


sources. For thicker sources the 
ma-ray contributions of Au 

IMposs ble to obtain 
results An 


source of P 


made it repro- 
thick 
however 


the 


ducible infinitely 


curve dents ) mit of 


Pave a 


thin source. 


The shown ih | NU 3 ire 


neariy 


eurves 


exponential! over a considerable 


This, as 


curves are 


their lengths 


well as the fact that identical 


fraction ol 


obtained for various thicknesses 
sources, can be explain don the basi 
of a simple theory 

If the 


distance, x, ina direction per] 


intensity of radiation at oa 
ieular 
to an infinitely-thick source is assumed 
to be Jaa I, 2) exp v 

where J,» is the intensity of radiation 
in the center of an infinite extended 


source containing a ul concen 


tration of activity elles 
tive absorption coe the ent 
intensitv of radiation 


thir Khess 


from 
9.55 em? gi, 
t! ek 


of an infinitely 


the surtace 


thick source containing 


the source concentration of activity 


This result is in disagreement with the 


theory of Rossi and Ellis which is 


based on the “assumption that the beta 


radiation is absorbed exponentially 


range This theors 


take 


over most ot its 


fails. however, to into account 


the variation of energy loss as a tum 
If it is assumed that 
loss is roughly 


the theory of 


tion of the range 
~ oportional 


Rossi and 


the energ 
to the range 
| llis thus 


exponential depth dose curve 


corrected predicts in 

fesults obtained for P*? are in good 
agreement with the experimental data 
of Sinclair and Blondal (4), who report 
an effective w of 9.2 em* gm and a 
surface dose of about 9°7 for a sources 


thick. The 
determined from the eur 


20 mg/cm 


are: for P 9.55 em? g 


19.2e¢m? gm:and for I 


BIBLIOGRAPHY 
Re 22, 20 











Activation Analysis with Nuclear Emulsions 


plastic box 
the 


ces, Were 


OVANNA MAYR ontained in black 
( ; VJ l7 ! if ‘) i trom 


By Gl 
Unive la des Studi d 


Milano, Maly placed in the cavities. The 


source When 


neutron 


| t t ynt, determined wit! 
kor tivation inAlyVsis ! ng ! Vis 5.30 O.05 x 10 
irradiation of a sample and subsequent t r it the beginning of the 
exposure Of a nt lear emulsion to the r r ent 
ictivated umnple 1-5 . the I J t DOron spe mens were @xX- 
must not only be capable of pro ng ed to the source for 10 davs and 
radioisotopes, but the act t lo davs In the 
be of st {Tis lenths long halt f ) é rOSULres the time Vil li- 
meet these conditions 6-18 et 1 ‘ t mpensste SOU ‘ er 


is described here whereby t| 
and emulsion are exposed Towethe t ‘ ere prepared 
the activating radiation Not 1 A i:mount of solution was 
half-life eliminated as a limiting t ‘ n glass or Perspex slides wit] 
but, without producing a radioisotope pipette—3-20 microliters for 
an element can be evaluate ution and 30-60 gl 
any nuclear reaction recorded ¢ itiol ind the area of eacl 
emulsion ,] ; measured 
Two cases are considered Alt ih a wetting agent was used 
1. For more precise quantitat listribut ( the ried substances 
data regarding boron metabolism, the not uniform due to. greater 
highly ionizing alphas of the boron rvsta tion around the edges of the 


na) reaction have been studied these 


tests wert 
Kodak NTA emulsion. considered as an initia 


} 


approac j 


Therefore 


2. For application of the met 1 to ?. As a check of the method in 
study of inactive iodine in the thyroid vrenera ition was uniformly dif- 
the weakly ionizing betas ot the fused into several pairs of filter paper 
['?7(n,3) 1! reaction were studied wit! dish Surface and thickness were 


NTB emulsion latery ned so )6that each 


disk could 


For best results, the neutron flu ntain the whole drop, diffused ovet 
mnust not be secompanied by too mat te entire irface The disks contained 
y-ravs and. to avoid excessive darken- 20 ul of borie acid solution and 10-15 
ing of the emulsion, the flux must not gl of line solutiot 
be too dense Tracks produced ' a 7 muteie aoficcinsee sauanles 
secondary reactions, e.g enused ar itions (boric acid and KI) were 
emulsion components ind emu | p velatine Altho Te | ie 
support, must also be considers etas. KI was used be = 
ivoid errors in interpretation, all un Po nal anleilin 
known and standard samples must. be he gelatine. treated 1 oe 
submitted to identical treatment ( tee seneeiiaia.” doit dali a 
in exposure to the activating fl " i eut into slices 1) microns 
in development of the emuls +] Pee ee eee eer 

t ( LITLPpies In each case the 
Experimental Procedure Ce 

The specimen contaming I t ties or this reason ind beeause 
known quantity of the element t ‘ f thy ver concentrations, the pre- 
activated and « standard containing ’ f these tests was lower that 


known quantity of the element were that the filter-paper samples 


exposed at the same time Emulsion analysis. Microscope 


with the emulsion, to a Po-Be Ire’ ending ere made with an oil objec- 
Radiation source. The Po-Be _ tive < 97, and a ealibrated reticle 
source provides a neutron fl { QO ocular. Only tracks 
few y-ravs. It is embeda n the tarting im the surface were 
center of a 3S-em parathn cube g he reticle field used in the 
a 10-em-deep cavity in the 1 ( ilat was 1,600 yu? for the boron 
each of its four lateral faces (19 nd LOO pw for the tlodine 


The samples and nuel 


58 


uund determinations, in 


the case glass or Perspex samples 
regions on the same slide were ob- 
served the drop In the Cust 


and 


Horon 


gelatine samples 


not containing and pane solu- 


posed with nuclear emul- 


that hiter 


tions were ¢ 





Spons It is obser, 


paper ha » effect on the background 
Boron determinations. [:nriched 


boron (B ~ used to prepare 5 


the energ t y divided between the 
ilpha and t Li recoil Che corre- 
sponding iwximum range of the 
alphas in the emulsion was « ilculated 


to he Oy 
Inter eril tracks due to secondary 
reactions ire Ca ised by as 


from N'4(na ind N'4(n p 


latine samples; p’s giving differ- 


ind p's 
affecting 
only ge 
ent lengths due to n scattering against 
H; d recoils due to the capture reaction 
H(,¥ ind elastic recoils of C, O 
N and Li recoils 


and 
from the principal 
The results are given in Table 1. 

lodine determinations. Inthe glass 


ind filter-paper tests, a 10°, aleohol 


solution of iodine was used; a KI solu- 
tion providing 1° and 3° concentra- 
tions was us¢ n gelatine The reae- 


'(ny)I 7 = 6.1 b, 0.43-Mev 4 


of 25-min I 


and 93% 2.02 Vey 


Phe beta dist: 
1.59 Ney 


bution 


Interfering beta tracks are caused 


by phot nd Compton electrons due 
to y-ra of the (ny) reaction Other 
interfering secondary beta tracks are 
produces potassium @’s and the 
small number of C™ soft B's caused by 


reaction these two 


affect o1 velatine samples); activated 
Na (1 s reduced by placing 
Si les lastic instead of glass 
ind active isotopes of Ag and Bi 

The spe ens were kept a Traction 
of a millimeter away trom the emulsion 
to record a larger number of the ends 

thre bet i tT! iCAS ( iré Wiis also 
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tke! 3-track counting (20, 21 
racks, the total num- 
ped grains was counted in 


eh ret e tield: each track count was 


then weighted according to the proba- 
tv that mw oof points should be 
Phe keround effect was very 
high it half of the total effect 
( Furthermore the tracks 
1 were much fewer than 


1 thre ~( boron, due to the much 
~ section Therefore, these 


riefly reported and 


give! thie ~ preliminary data to 
itions required in 

t | 2 

Discussion 

In t ‘ horie acid solution 
ibsorbe ! ter paper, as long as the 
numb. t ks js not too small. the 
LeCcu ttuinuble with a single 
sample ench 3°). A comparison 
sil e- ntumung equal quantities 
of boron ide by averaging several 
sets of observations, gives values of 
bout 1.65 or 5% solutions and 6% 
for 2.5°) solutions In the com- 
parison of samples with a boron con- 
centrat tio of 2, the counting ratio 
was 2.1S 0.13. Microphotographs 
on this page show tracks obtained with 


entrations. 


The poor precision obtainable with 


the gelatine samples ts noticeable in 
the re vs single samples and in 
t he son of different samples. 
In tl son of samples having 


boror oncentration ratio of 5, the 
counting ratio was 4.5 + 2.2 


Suggested improvements. This 


method may be improved in several 
vavs to avoid or diminish errors. 
In the <e of boron, specimens hav- 


iW smnall boron content, e.g. 
0.] v e, can be evaluated with 
t he ‘ ecision obtainable with 

te ‘ reasing the product 

flu ensit exposure time), 


Better results could also be obtained 


} ny the cutting technique to 
ovide moother gelatine surtace. 

In the ~( iodine, results can be 
mproved by diminishing the back- 
yroul ling glass as an emulsion 
support nd by determining the 
pt - le-to-emulsion distance 
nad ¢ n thickness to record the 
greatest number of beta-track ends. 
Recent quired knowledge on track 
differentiation ends one to. expect 
hette Inting tor the background 
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ALPHA TRACKS obtained with different concentrations of boric acid solution absorbed in 
filter paper 





TABLE 1 


Alpha-Track Counts for Boron Samples 





Bo ( concer Number of cour 
| ; ’ aon pe pile ' 
Drops on glass 
5 6.606 pl em 24 i344 O.7u 
5 6.69 24 14.51 1.10 
5 5.20 24 mr o2 1.05 
> 500 24 12.51 O05 
2.5 6.900 D4 7 Ol O SDS 
, 6.45 24 6 OSD oO 76 
l 6.65 24 3.40 O38 
l 6.50 24 40S O36 
Drops on filter paper 
5 8 ul em? 30 ISOS O54 
D Ss 30 17.8 4 
> s 30 17.08 0.51 
5 Ss 30 ig .ee 0.46 
2.9 S 30 003 0.51 
2.5 Ss 30 S58 0.46 
2.9 Ss 30 7.53 0.46 
2.5 Ss 30 4.40 0.41 
Solution dissolved in gelatine? 
dD 10 » thick 30 1.05 0 IS 
5 10 30 1.09 0.21 
5 10 30 1.03 0.17 
a ta) 30 0098S OS 
| 10 30 0.25 0 12 
| 10 30 0.21 0 11 
I 10 30 0.22 0 11 
1 10 30 0.23 0 12 
* Background effect was 0.10 0.09 for glass, 0.12 0.08 for filter paper ind O.O7 
0.06 for gelatine Background is subtracted to give net track count 
+ Borie acid solution was lissolved in gelatine to give the concentration of 0.5 ind O.1 
in gelatine 
TABLE 2-Beta-Track Count for lodine Samples* 
Spee mien frount of 3% fracks pe es ! 
San ple type concentration specimen yuna ma 
Drops on filter paper 1O% 15.3-15.6 gal/em?) 0.15 + 0.08 0.18 + 0.08 
lOc; 10.2-10.4 ul em? 0.09 0.07 0.12 0 0S 
Solution dissolved in 1 2mm thick 0.10 0.07 O11 0.08 
gelatine s 2 mm thick 0.21 +0.11L 0.28 0.06 
* About 24-30 fields were counted for each sample. Background was subtracted to give 


B-track count 
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CANADIAN ATOMIC 
REACTOR REBUILT... 


in operation Now 


High Specific Activity 
Pile-Produced Isotopes 
again available 


FACILITIES FOR SPECIAL IRRADIATIONS 


é 
} 
_ 
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WRITE FOR NEW CATALOGUE TO: 


ATOMIC ENERGY OF CANADA LIMITED 
COMMERCIAL PRODUCTS DIVISION 
P. 0. BOX 93 — OTTAWA, CANADA 
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NUCLEAR ENGINEERING 


Energy Released Per Fission 
in the Bulk Shielding Reactor 


By J. L. MEEM Since the 
Oal Ridge 
Oak Rida 


parasitic Capture term iD 
Natrona: saaberato can be ealeulated easily in a therma 
ment of £y’ woul 

give the ilue of #,, the 


Tennessee reacto menssure 


1. ’ leased per fission 
THE ENERGY RELEASED per fission, / , , 

Phe Bulk Shielding Reactor 
Pool Reactor 


* : 1 
I scribed by Breazeale (1 


is given by 
haus been de- 


For this ex- 


i special fuel element was 


)) Ex + Eg + FE, +! 


is the kinetic energy of the 


where ky 
: Wi placed in the reactor in 
fission fragments, 3 + Ey is their de- ee sista 
| limize the net flow of 
eayv energy (not including neutrino en- 
heat and radiation into or out of the 


ergy), FE, is the kinetic energy of the fis 
. : element 
sion neutrons, and £,* is the prompt : 
Phe special element had a removable 


gamma-ray energy. In the past, the wi 
" } ‘ center ft | plat trol W wee 
most reliable value for £, has been ob er prate trom watch 1)4-im 

7 diamete! 


, disks were punched to facil- 
tained by adding the experimentally ‘ | sek is 


determined valu af 8 anes itate activation measurement alter ex- 
‘te " { Ss ) if ious 
component posure in the reactor. A similar 
The energy released per { m uranium-bearing disk was activated by 
» Tre) Tense me INS1On na 


exposure ina known neutron flux. By 


reactor also includes an 


the actual fission rate in 


comparison 


which is. the energy 


component, F,, 
the special fuel element was determined 


The special 


wit 


liberated in capture processes not lead- 
element was equipped 


tubes at top and bottom 


ing to fission, viz., nonproductive cap- 
ture in U*", capture in moderator, cap- — 
ture in feactor structure. ete through which water was pumped at 
Accordingly, a measurement in a re- » known rate Thermocouples ee 
nites dies US atone messure the temperature rise 


oss the tuel element 


Bi « E,+1 tetas ete 


Special pre- 


taken to prevent heat 





CIRCLET on nose of long-handled pair of pliers (left) expands for underwater removal of 
worn gaskets from radioactive processing equipment in separations section at Hanford 
Engineering Works. Extension handles are used by operators (right) to expand and 
contract circlet 
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SMALL FLEXIBLE THERMOCOUPLE for meas- 
uring internal temperatures of operating 
fuel elements was developed at Argonne 
National Laboratory. Comparable in size 
to a standard hypodermic needle, unit con- 
sists of Inconel tube that serves both as 
outer container and one of junction metals. 
A 20-ft length of 0.015-in. constantan wire 
is drawn inside 0.040-in. tube, fused, and 
then one end of the tube sealed. Rugged 
unit has been operated up to 1,250” F 


leakage The power, or rate of energy 


production, Was determined from the 


water flow and = temperature rise. 


Comparison with the fissior ite guve 
the heat released per fission in the spe- 


celal fuel element The net amount of 

radiation leaking out of tl fuel el- 

ement (less than 0.25 Was eulated 
as a correction to this figure 

per fission in the reactor 

5 Mev Phe parasitic 


las » 
Shielding Re- 


in the Bulk 
tleulated to be 2.7 Mey 
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2 io Sef . 
/ it’s Experience 
that Counts 
i ld ii ui 


Fifty years of working with 

vacuum techniques .. . fifty years of 

building practical vacuum equipment . . . 

plus sixty years of making precision machinery 
are Stokes’ unique background for the 


production of efficient vacuum furnaces. 


Stokes vacuum furnaces of many types are available 

for melting and casting gas-free metals of extreme purity, 

high ductility and great strength; for sintering, 

annealing and degassing. Designs include furnaces for top 

or bottom pouring, for simple or multiple ingots, 

for centrifugal casting. We build tilting type induction-heated 
melting furnaces of 10 to 1000 pounds capacity; movable retort 
resistance-heated furnaces for degassing and annealing in 10, 20 and 


30-inch retort sizes; two-zone furnaces with movable boat; and others. 


Stokes Vacuum Furnace designs provide for future as well as 
for immediate needs. Ports for extra pumps, leads for extra 

heat input, room for larger crucibles, etc., are engineered into 
original equipment so that growing requirements and changing 


conditions can be met at minimum cost. 


Write for the latest information on Stokes Vacuum Furnaces. 
Above all, visit the Stokes plant at Philadelphia and see 
at first hand the finest engineering and manufacturing 


facilities in the vacuum furnace manufacturing field. 


F._ J 
PHILADELPHIA 20, Pa. 


STOKES MACHINE COMPANY 





MAKE High Vacuum Equipment, Vacuum Pumps and Gages / Industrial Powder Metal and Plast 
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induction-heated 


A Stokes 


vacuum melting furnace. 


booster 


Operator regulates 
pump from central control 
panel. This is one of a battery 
of 16 Stokes Vacuum Furnaces 


in a major installation 
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Type BX-44 A-C Relays 
4 Normally open & 4 nor 
mally closed contacts. 





Hum-free Latch Relays 


For quiet applications. 





Bulletin 709 
Magnetic Starters 
8 Sizes up to 300 hp, 
220 v; 600 hp, 440-550 v 








* 
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Bul. 849 Pneumatic 
Timers 


Adj. Vg sec to 3 minutes 








C 


Oiltight Push Buttons 





Oiltight Pilot 





Large A-C Contactors 


For applications up to 


Lights 900 amperes—600 volts. 





Bulletin 802 Precision Limit Switches 
Wide Assortment of Types & Ratings 





Bul. 802T Oiltight 


Limit Switches 
large variety of types 





CONTACTORS - RELAYS - LIMIT SWITCHES - TIMERS 


for Electronic Laboratories and Production Lines 


Shown above are a few of the hun- 
dreds of Allen-Bradley contactors, 
relays, limit switches, and automatic 
timers available to electronic designers 
and production engineers. These con- 
trol accessories can solve your complex 
requirements of automatic testing and 


operating circuits with complete assur- 
ance of long, trouble free life. For a 
complete listing of Allen-Bradley con- 
trol accessories, write for a copy of 
our new Handy Catalog .. . a 120 
page reference guide on control units 
for electronic and plant engineers. 


Allen-Bradley Co. 
106 W. Greenfield Ave., Milwaukee 4, Wis. 


ALLEN-BRADLEY 


RADIO & TELEVISION COMPONENTS 
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Canada ltomic Energy 
( / Ltd Screntitt Lor iments 
Office. ¢ Rive Ontario, Canada, 


ALSO OF NOTE 


Recommendations for the Disposal of 
Carbon-14 Wastes (NBS Handbook 


> This 14-page pamphlet contains 
mendations prepared hy the 

N Committee on Radiation 
Protection Subcommittee on Waste 
1 )i- il and Decontamination Ree- 
endations are divided into six see- 

t lution, sewers, mneciner- 

spheric dilution, garbage 


frovernment Printing O flice 
T naton 25. D. C.. 80,16 


Atomic Energy in Industry. This 264- 


we ript of the Second Annual 
Conterence — o1 Atomie Energy in 
| ist Jan. “54) conducted by the 
Nation Industrial Conference Board 


ussion on industrial uses 

to! energ Ineluded are papers 
econd decade of atomic energy 

\\ ste ny Cole and Creorge \I 
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sir Christopher Hinton. Conference 
l tables were: changing the atomic 


ry { possible economic impact 


t ec energy; analyses of comMpany- 
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Des J ose pl BY Brady. As- 

Director, Publi Information 

De pt Vational Industrial Conference 
Board, | 4? Park Ave., New York 


Selling toAEC. This pamphlet, super- 
eding “U.S. AEC Contracting and 
Purchasing Offices and Types of Com- 
Purchased,” deseribes AEC's 
PaMizatiol and procurement pro- 
les directory of pure hasing 
sts products purchased. 
Appr es include principal econstruc- 
tol nt tors, principal architect- 
( nd bidder's mailing list 
S. Government Printing O flice 
i ngton 25. D. C.. 80.25. 


Magnetic Fields of Cylindrical and 
Annular Coils (NBS Applied Mathe- 
! tics Series 3S This booklet gives 
radial components of the 

gnet Held at any pomt in space ol 
an annular coil carrving 

elect current Government Print- 


ing O ¢, Washinaton 25. D.C... 80.25 
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survey instruments for 
erkeley | laboratory or field use 








iaiitadam Offers Complete Line of Nuclear Instruments, Accessories! 


e Decimal Scalers 

e Portable Scalers 

e Count Rate Meters 

* Counting Rate Computers 


Dept. E-5 2200 Wright Ave. 


Please send catalog, ~- 
prices on 


Berkeley Survey Instruments [_} 


Complete Nuclear Line 





































Model 2750 Portable Survey Meter 
This 9-lb. battery-operated unit measures 
beta and gamma radiation with meter indica 
tion in milliroentgens per hour. Ranges of 
0.2, 2.0, and 20 mr/hr are provided. Sliding 
probe shield may be used to discriminate 
against beta radiation. Instrument (including 
probe and 3-ft. cable) is completely water- 
proofed. Ideally suited to mineralogical sur- 
vey, following tracer elements in piping or 
processing, leak detection, civil defense, etc 
Price, complete with G-M tube, batteries and 
instructions, $200.00.* 


- 


Model 2800 Laboratory Monitor 


An a.c.-operated instrument weighing but 8 
Ibs., the Model 2800 indicates beta or gamma 
radiation either visually or aurally (through 
built-in speaker). Full scale ranges are 300, 
1,000, 3,000, 10,000 and 30,000 counts per 
minute. Any G-M tube with 900 v. operating 
voltage may be used. Simple to operate; well 
suited for general laboratory use in checking 
contamination of equipment and fixtures, 
monitoring background counting rate, ete 
Price, Model 2800 only, $250.00.* With Model 
20 probe assembly (including Victoreen 1 B85 
G-M tube), $286.00.* With Model 25H probe 
assembly (including Anton 201H mica win- 
dow G-M tube) $311.00.* 


Model 2080 Portable Scaler 

This battery-operated scaler provides ex 
tremely accurate measurement of very low 
radioactive levels. Maximum counting rate is 
100 cps, indicated on scale-of-eight meter and 
resettable 4-digit register. Supplies 900 v. for 
G-M tube. Price, Model 2080 only (no G-M 
tube), $450.00.* Model 2080A (with Model 
20 probe assembly described above) ,$486.00;* 
Model 2080H (with Model 25H probe as 
sembly described above), $511.00.* 


e Survey Instruments, Monitors ¢ Accessories: Automatic 


e Scintillation Counters Timers, Clocks, GM Tubes, 

¢ Decimal Counting Units Probe Assemblies, Recorders, 

¢ Double Pulse Generators Lead Shields, Planchets, 
Absorbers 


*Prices f.o.b. factory 
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basic material to help fight 
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SEND FOR FREE BOOKLET, How to Cut Costs 
With ESCO Spuncast” to: 
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For precision Hi-Cycle power gener- 
ating equipment to meet one of a myriad 
of special power requirements ranging 
from highest quality laboratory power to 
precision electronic testing, industry re- 
lies on Bogue Precision Power. Bogue as 
the recognized leader in the Hi-Cycle field 


offers these performance characteristics— 


For example, Bogue special 400 cycle 
single shaft, two-bearing synchronous 
motor driven units eliminate belts, gears 
and other special speed changers, yet, 
faithfully deliver 400 cycles—exactly—no 
load to full load regardless of voltage 
variations....truly the standard of 400 
cycle power ... . the reason so many 
prominent companies have been depend- 
ing on equipment built by Bogue Electric 


Manufacturing Company... 


58 IOWA AVENUE @ 


Low harmonic 400 cycle AC 
generator and low ripple 
28 volt DC generator, syn 


chronous motor driven 


5 KW portable regulated 400 
cycle motor-generator set with 
integral contro! pane! 


\ 


Variable frequency 320 to 1000 

cycle M-G set. Bogue magnet 

amplifier maintains voltage and 

frequency to within one-half of 
of any preset value 


5 KW low harmonic set. 400 
cycle regardless of input volt- 
age, loading or heating 


400 cycle voltage & frequency 
regulated inverter. Operates 


from 28 volt DC supply 


BOGUE 


PATERSON, 3, NEW JERSEY 


REQUEST 
ILLUSTRATED 
CATALOG 440 


Dual output 10 KW, 400 


cycle and 


omp. 28 


volt output, portable unit 
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The behavior of any Welmeg resistor for any determined con- (of ant 
ditions can be predicted with reliable accuracy. Each Welmeg Phe results are given in Table 3 
resistor bears a serial number which enables the user to obtain : | Wit the CBA stra embers | 
an exact history of the unit with accurate data regarding its ; easonably genet 
electrical properties. ; :, . lont ' 
For ce mpl te data ( ikes no «al ence ft 
write to Dept. HE-2 thie ‘ On the otl 
uh v is st A t¢ S 
ee peg opp 
Sena Bs HCrense ( ery s demonstrated 
: High Stability = hut not en the therapeutic dose ts 
Factories in DEPOSITED CARBON RESISTORS ae a a es 
England and Canada : nas Che re er ar eee 
ROCKBAR CORPORATION, 215 East 37th Street, New York 16, N.Y een nities That is ce 
hem te } ti 
it 
° « The ent disagreement betwee 





LEAD GLASS WINDOWS cone esas baapea an 
IN CONCRETE WALLS al sebiie. “Vhen nakwentiont well 


for technical and 
business men 





a | t t 30 Het 
NEW 1954 § | Pea erolog 
Catalogue of my s | 
SSIES r) | stologoun vt \ 
ape AMID, 





Describes over 2000 Books 


* 1 ‘ t ove +) 
Here is a guide to practical, expert information a ry Hi D 
i man tht " ind tect & < i it 1) | ; 


LEAD 


























| GLASS | Mt 
‘ ‘ Pi ; 
In 1 ar bo * 1k ‘ 
ks tl A NT “4 —_— \\ 
SRS \ L 
* ° j 
MeGrate-Hill books: bring you the | i 
experience of experts in: your field f mo aS i \ | ( 
4 
z Mail this coupon 
for your FREE copy Hi-D Lead Glass Windows in con- 
crete walls are dry, and hence are 
| scsi pc inptenesicea a tpeieniaine imac: completely dependable. Where the 
j : I viewing problem is mainly wide- 
McGRAW- HILL wH 
=~ Ww. 4 \ angle vision, Hi-D Glass is fuily com- 
« ‘ petitive in price with zinc bromide. 
' \I li 1 et t 
] \ i LARGER SIZES NOW AVAILABLE 
! | , 
! i Send for circular GS-3A 
' I ' ‘ 
oe > 
¥ | | |) >) PENBERTHY 
|_J INSTRUMENT CO. > a i 
‘ t ST » SEATTLE &@ WASH ( I t ns ‘ Viole 
1 City Sta | Ihe t 
(ls cies ee ee ee ee ee en ee ed - 
70 erbaeieiees tater’ er stint ‘ May, 1954 - NUCLEONICS 




















SURVIVAL of heterologous vs homologous 


material 


of the two groups 
iborators will be 

<ults elsewhere ind 
ble reasons for the 

graphs plotted 

mtinued work 
demonstrated 

raction ol spleen 

centrifuged 

eell nucles 

eontain some in- 
‘it il¢ Vel 

vil ~} Irom het 
We would consider 
itive of absence 
riments Mucro- 
than absences 

In uosub 

ole and Ellis 
ribo Least 

e activity ol 


ribonuclease 


BIBLIOGRAPHY 


Vol. 12, No. 5 - May, 1954 








NUCLEAR RESEARCH 
OR PRODUCTION 

= == NEEDS 
VACUUM... 





on 


Beach-Russ Type RP Vac- 
uum Pumps are available 
in single-stage units in 
capacities from 20to 1700 
c.f.m. for vacuum up to 
10 microns or better. Com- 
pound stages are also 
available. 


on operations requiring absolute pressures in the micron range 


in the lab, the pilot plant or the production phase... 


BEACH-RUSS Type RP HIGH VACUUM PUMPS 


... because of their fast pump-down ability, have established 
their effectiveness both individually and as fore-pumps in a wide 
range of vacuum processing. 

Capacities from 20 to 1700 C.F.M. 


All Beach-Russ units are designed and constructed to give noise 
less and vibrationless operation ... low power consumption and 


operating costs 


RP PUMP CATALOG 90 carries 
full details. Write for a copy. 


BEACH-RUSS COMPANY 


50 Church Street © New York 7, N. Y. 


Address Department 66 


» information Use post cord insert in this issue, 

















NEWS 


$242-Million To Be Spent On... 


AEC’s $242-million five-vear powe Girouy ictive vorking i the WO = stated tl uv 
reactor development program has beet gram include Oak Ridge Nationa vas fe ulated with the e that the 
approved by the research and deve il tor ORNL Argonne Na re techy oy deve 


opment subcommittee of the Joint tion Laborato ANI Westing ral encourage ae in tales 


ad i map i ih 


Congressional Committee { \t house Atomic Power Division (WAI iy 
energy Westinghouse Elect: Cor} Du we uther resear evelop- 


The program includes constructiot jnesne Light Co., and North Ameri nent and ¢t ons 


of five pilot-plant-size reactors and ome \ tier Corp NAA The t ivor the tual construct pilot 
full-size experimental nuclear power — three are private firms working unde or fu e powe y 
plant $8.5-million will be pent ¢ ! Ah tract It iticula note CSS ) t ~ progral ! extent 
vear on general researc} ind devel t that Duquesne and NAA are ind vy 

Opment work aimed it op Wing ont iting sizable mounts « thy issist ete v 
economiucally-feasible nuclear ! ney to the program futu l ed 


AEC’s5-Year Power-Reactor Program; First Step Towards... 


One } 





Power Vu Co ” pro 
Desiqner Heat Eleet S$ &« 10 ite Lechnical feature Cor 


Homogeneous (HRE-2 


ORNI a Be > 1p l bine md moderator in iqueous uranyl ~ rple eliable pl e 
Ss ill Ct I il pp v p 1\ il 
i t hbogenerator | 1» y peratior | j 
it i ed to ati I y np l 
itor 
1 


Homogeneous Thorium (HTR 
ORNI O5 8 14 Q50 1 » integral processing pl 
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PROJECTED GROWTH of U. S. electric power industry will be at 
rate of about 4.4‘, yr (nation’s long-term economic growth has 
been at rate of about 3‘,). If AEC and industry can meet 
production-cost goals, 1960 will mark accomplishment of com- 
petitive (8-mill) nuclear power; between 1960 and 1970, 
nuclear plants will account for 10-20'; of all new generating 
facilities; gradual improvements will cut costs until, by year 
2000, about 22‘, of total capacity and 50‘, of new plants 
will be nuclear-fueled (at 6-mill cost). Between 1960 and 1985 
nuclear units will use $11-billion worth of equipment (reactor 


cooling, and power conversion) Dat 








° 
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Cost (m lis/kw -hr) 











COMPETITION facing nuclear plants is shown by considering 
portion of plants producing power below certain cost. If 
nuclear plants can produce power for 7 mill kw-hr they can 
compete for 16°, of the market. If costs are cut to 5.9 mills, 
50°, of market is opened; 4.9-mill nuclear power could 
attract 80°), of market. Curve is based on 6,500 Mw in 26 
plants (conventional) recently built in U. S. All were larger 
than 100 Mw. AEC believes that production costs of con- 
ventional plants will stay constant—any gains in technical 
efficiency will be offset by rising costs of conventional fuels 
nted by R. P. Petersen, AEC, before Atomic Industrial F 


..- An Expanding Nuclear Power Industry 
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Overhaul of Atomic Act Proposed by JCAE 


Complete overhaul of the 1946 Atomi ( cooperation with foreign nations on 


proposed by the Jomt Cor the amendments would provide 
Atomic Energy to 

@ Permit creation of a don 
financed by either public or pr 
© Permit limited exchange «! nerg 
f the I ARC would 


ormation with allies of 
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EXPERIMENTAL BOILING WATER REACTOR will « ert water MOST POWERFUL ACCELERATOR, the Bevatron at the University 
heat exchange of California, has accelerated protons to 5 Bev Particles from 
system. Cutaway of pressure vessel of ANL's ).5 Mev by the Cockcroft-Walton 
generated in fuel assemblies generator ight), to 10 Mev by the linear accelerator (center), 
and to 5 Bev by the Bevatron (left The 10,000-ton, 120-ft-dia 
nagnet is designed for 6.25 Bev AEC financed the $9-million 


into steam directly without use of intermediate 
5 000-kw (electric) ion source were boosted to 


experimental unit shows how heat 


is transmitted to water to make steam Turbine, electric genera 
tor, condenser, pumps, control room, and fuel elemer 3 
are shown nachine 
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Nias to use fuel requirements location itomiue weapons to be shared with foreign nations 
ons would be part of the application In reshaping AEC procedures on personne! clearances 
circumstances, ARC may recapture the the Committee proposes i classification of positions based 


censee In advance of a hearing undet on importance of restricted material to which an emplovee 
ives \\ have access Scope and extent of securit InVves 
The amendments also provide for a special three-man tion mild be based on the relative importance 
ARC but independent of its othe: 
appeals from licensme rulings Odie proposed new section to the Act is 


winted by the President, wit] yall opposition from AEC This would 


a] 
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of the Senate rve I “Veul ! ( Classification on documents a three 
1 this classification on information, Ak 
also is provided we tl o make a specific finding that thi 
censing matter, the case m quired in the interest of defense 
it the instance - The Committee's amendments would 
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court action tha ition to unauthorized persons 
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Ss? 500 Th 
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Washington Report 


Controversial PWR project) only utility-scale U.S. nuclear power plant 
now in the advanced design stage came near being torpedoed by the Joimt 
Congressional Committee Strong assurances from AEC saved it The 
crucial action Came just two days before AEC accepted the Duquesne Light 
Co. partnership offer on the project. Here is the sequence of events 

House Cuts AEC Budget, PR Pestimony and correspondence from the nation’s top reactor experts 

Reactor Program Okayed received during February and early March by a subcommittee of the Congres 
sional group cast considerable doubt as to whether PWR should be continued 
isa full-scale pliant 

PR Phe subcommittee asked for a temporary halt on PWR until it) could 
discuss fully with AEC the feasibility, limitations and purpose of the reactor 
Phere was a strong possibility that the subcommittee would ask that the 
project be halted or at least di istically sealed down 

PR At a closed-door meeting March 12th three Commissioners and Ake 

tor chief Lawrence Ry Hafstad promised to make every reasonable effort 
into PWR to make Tt more economie They also 
made other in osed commitments regarding the PWR project 

PR This was wh thie committee wanted It cleared the projeet, and 
ARC announced udques ivreement two days later 

oe 

Exclusion area requirements for power reactors are bemg dra 
trimmed If the normal exelusion area formula had been used, the PWR 
would have requ i plot of land of around 800 square mike Actual 

mall fra ft threat One of the major aims of the AEC program 
suitable for conventional power plant location 
a 

“Five-Year Reactor Development Program™” is really a misn 
Development schedules will be pretty much set by the men in charge 
live project ich will be allowed to speed up or slow down his experiment 
is conditio Phe Congressional Committee has agreed to thi 

s 

President Eisenhower will bring in his own man when AEC Commissioner 

Eugene Mi. Zuckert’s term expires June 30 Cntil then, there is a majortts 


of Truman appointees on the five-man Comuntssion 
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RADIATION 


Announces the latest additions 
to its line of 
Precision Nuclear Instruments 


Non-overloading Linear Amplifiers 
Precision High Voltage Supplic 
Scintillation and proportional counting 
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REACTOR FOUNDATION for Britain's first nuclear power station is under construction 
adjacent to Windscale plutonium production piles at Calder Hall, Cumberland (NU, Feb. 
54, p. 74; Dec. '53, p. 70). Construction will be completed in mid-'55. Second British 
nuclear power station (at Dounreay, Caithness, Scotland) will cost about $42-million (NU, 
March '54, p. 61; Dec. '53, p. 70) 
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Beta Gauge..............0... Ra, RaD, Sr”, TI 
Liquid Level Gauge........ co. we. ce 
aaa Alpha, Beta, Gamma 


NEUTRON SOURCES 


» — Min. Emission 
- 
e Ra . 13 x 10° n/m 
iil RaD 26 x 10° n/n 
Po 26 x 10° n/m 
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Blue, Green, Yellow, Orangs 


Emission 


Exciting Isotope — Sr”, Tl, Pr’, C™ 
Max. Brightness 
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tion free. Brightness change my 
to decay rate of 


- Depends upon 
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INQUIRIES INVITED—our vast exper 
ence and knowledge at your service 
United States Radium Corporation 

535 Pearl Street. New York 7, N. Y. 
attention Dept. N-5 
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Compton Heads Northeast 
Nuclear Industry Study 
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IRE Nuclear Group Plans 
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MEETINGS 


May 24: Atomic Industrial Forum's 
Meeting on AEC’s Five-Year Reactor 
Program; Sheraton Park Hotel, Wash- 
ington, D. C. L. R. Hafstad, A. M 
Weinberg. and W. H. Zinn are among 

speakers scheduled for this seeond 


| im-sponsored meeting 


June 20 25: American Institute of 
Chemical Engineers’ Nuclear Engi- 
neering Congress; Ann Arbor, Mich. 
NI 1 93. p. O4 Arrangements 


of Mich 
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THE NEw “ULTRASCALER” 


IS THE MOST VERSATILE SCALER 
AVAILABLE ANYWHERE 


Combining all the features of several 
scalers in one complete unit 


1. Coarse and fine controls vary high volt- 
age from 500 to 2500 volts with 5000 volts 
optional; 

2. Built-in Eagle timer provides prede- 
termined automatically reset time operation 
from 9 seconds to 60 minutes; 

3. Built-in 60 cycle signal for testing scal- 
ing action at any time; 

4. Sensitivity controls pe rmit counting with 
any Ge ‘iger, scintillation or proportional 
detector; 

5. Direct reading decade scaling units; 

6. Built-in four digit electrically reset 
register; 

7. Built-in timer indicates counting time 
up to 9999.99 minutes; 

8. Scale multiplier switch permits wide 
range of count settings; 

9. Electrical reset switch for plug-in units, 
timer, register and Eagle timer; 

10. Six position scale selector switch for 
scaling factors up to 1000; 

11. Operation switch for selection of man- 
ual, predetermined time, predetermined 
count, “‘time-count,”’ or remote operation. 


Get all the facts about the New Model 192 
ULTRASCALER: write today to: 


Nuclear Instrument and Chemical Corporation 
5 West Erie Street, Chicago 10, Illinois 


nuclear - chicago 





CHICAGO + NEW YORK + LOS ANGELES 
DALLAS + HOUSTON «+ SILVER SPRING, MD 
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gh are of 105 deg: protec 
t ect HTL 1) 7 
et ‘ ( iti , 7 ft t t! 
12 ete or > ! t le 
itte lation Protection ‘ 
tion must ‘ re l¢ 
+ ] t + ry) } ) 


Counting-Rate Meter concrete and for seattered radiation b 
The tvpe 229 counting-rate meter > i -, ; 
veneral medical and laboratory me 

irements, provides a logarithn ( 


(00-50,000 epm) for general readin 





inal Six linear scales (0-100 to O- 50,.000 


epm) for more precise reading \ BS ye : 

wracy om Genet ucoles be 28% of tal ge? Photomultiplier Shield 

eae ana on logarithms =f ile 2° = The if \l 2 magnet > eld Is 
of full-scale meter radial deflection ‘ ean t ° t tior 
High and low input sensitivity setting untine f 9 RE tiplies 
irre O<.25 and 15 volts, respective! tubes ¢ flat or dome-sl “ end 


High-voltage supply output is adjust It is constructed of two 








thle from 350 to 2.000) volts it LVers ( lrogen-annealed Mu metal 

cubtaut ja. stlectable correevondine Phe 3%,-in.-long shield is attached to 

to statistical error of 10. 5. or 2 tube base th set screws \ similar 

Also illustrated is the tvpe 155 st shield, model M-1, is designed for 1! .- 

ess-steel, O.104-in. o.d. brain probe — n. tubs Vational Radiac, Ine., 10 
ciasiig Radiation Survey Meter ples ; 

minimum platesu length at LOO Crawford St., Newark, N. J P-5 

YO volts with slope of 100; on t he Rad-Tek jonization-type sury 

background is 40 epm at 600-650 t justrument, approved by the Fede 

overating voltage. Anton Electronic ‘ Detense Administration, meas- Miniature Power Resistor 

. aa oF | ntensities of O.ORB-5S0 rol t ; 

Laboratories, Inc., 1226-1238 Flushing | “ It The type RSE miniature power re- 
{ Brool rN. Y. P eaimceer Pe Aas Sree sist ible in 2, 5 110 watt 
t to be pable of g 

=1Zes ed | } esistunt and tpervious 
y OO-hr operation kl-7 
to mi ture tlie ire sealed im silicone 
ae th St.. P 
, miting | housed inh cormpiete 
welded — | k metal tubing. Tem- 
perature eflicient 0.00002 ( 
Ranges e 0.05-55,.000 ohms: toler- 
High-Temperature Transistors inces of 0.05°3% are available. Dale 
The Red Dot series of point-contact /reducts, Inc., Columbus, Nel P-6 
hig t ‘ ting temp ( ture 
| hy ( t ( l t r.4 
(M) it O-SO° C does not appre “” ; 
r eSistance <@ 
. ‘ | edidt] 
Cancer-Therapy Machines 00,000 ohms resistance at 0) 
Two types of Co cancer-theray t 100° C: other tvpes m ye . a 
machines are being marketed init ( t 1M fientior Phese }) Pa ~ 


by General Electric and Atomic Energ ler-1n diode ive 4D "A 


of Canada Ltd. The ARCL 7000-1 | et nd %.-in. length and > 


undel Bix atebionese fnoranounke 24 tinned-copper pigtailed leads, Jn-  Remote-Handling Tongs 
unit for sources providing pt 100 [ [ ! Pecti tie (or; lo i rhe Radiarm ions remote-! indling 
minat 70em. The AECL 16,000 G 1 Ave kl Sequndo, Calif pP-4 Lumuinu tongs have three inter- 
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iits and two interchange- 
or monkey-wrench 

ol large vessels and 
respectively. Jaw can 
fixed position. Shatt 
iw to pistol handle are 
{tomic Center for Instru- 
juipment Inc., 489 Fifth 
K17,N.Y. P-7 


a = 


Scintillation Survey Meter 


~ 

The model SS9F. scint ion SUrVve) 

meter, for ground ty roaerin 

surveys, has probe clampes he 

handle of watertight instrument case 

Probe, 2 in. in diameter am 

long, contains 6179-1 » pl 

1 <X 35 in. Nal ery | metal shi 

; 


Photomultiplier Tube and gain control 7 


nected = by ( 
pe 6342 1l0-stave head-on type ana ) 1 = 
t a 5 : v1 circuit box. which contains ree d ~~ 
er tube is useful for vibrator-type power 
we seintillation counting. 


signal having rise time ot 


fier, and S-range se 


Re | weal, iia Liquid-Sample Counter 

ss, rise time of response at are required Calibration Hm The model SC-12 liquid-sample Nal 
~) Mmyser between. its mr hr. on request I) i detector counting attachment, together with 

head is also availal toreen Ir the SC-3 basic unit and LH-6 lead 


rated anode-supply voltage oft (o = Hi , a ield. is designed for low-level activity 


magnitude points at the 


syment la 
* ieee i 5 . } ™ _ 
its Spectral response is land 3. Ohio ! mples up to 5 em’, The well 


maximum response at 4,000 if 13,-in 
Focusing electrode with 32 in. in diameter and [!y in, deep 


nnection permits optimizing With the LH-6 shield, background is 


~diam. 2 thick ervstal 


inttormity ol speed ot tt 200 cpm, sensitivity is 1,000 epm ind 
is flat with eflicieney is 50°, for 1 mue 1. To 
eter; tube dimensions are rccommodate different bottle heights 


mum length and 2! 4-1n center section of sample cover is com- 


meter Radio (or pora- posed of threaded, le id filled insert 
a, Tube Dept, Harrison latte: te: tans chin, 2 
(P-S Re searct and Deve opn 


Ktzel Ave., St. Louis 14 


cieal 





Radiation Monitor 
The tv» PW-4010 »* 


| 2 
radiation detector, 6.6 In 
beta and 

Repeat-Cycle Electronic Timers powered by 

and 3 repeat-cycle elec- filament battery, two it mi : ; 
provide on-cycle and — ture-type anode batteries, an Universal Counter and Timer 

ils, accurate in nominal subminmiature-type grid \ The model 5510 direct-1 

ne voltage and temper- Halogen-quenched COUT r tube Vpe sal counter and = timer 
spective timer intervals are: 18502) Operates at 350) volts | ndicates time intervals trom 3 pse¢ 
ind 0.01-6 sec: off—0.1 switch has 6 positions: off al OW to 1.000.000 sec wi mum accu- 
6H sec Timers are avail- sensitivity. high sensit ode vo racy of 1 user from zero 
d-c operation. G. C ave, and. tilument ‘ iv bra esto] Me with n un curacy 
Co 1950 = Eighth {re. tion switeh has pe on raved f l eyele, per frequencies trom 


W. Va (P-9 battery off and ano tag a ere eps upwards v ecuracy ol l 
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usec, and operates as stra yvhtforw j SIZ t e optiona 
counter at rates up to 1,000,000 Syst t ( ibst tially 
It utilizes the model TZO5AF and 7O7AI v ( ent twe 75 «kev 
decimal counting units, wl ! > NM / Sales 
binary coded output informatior l rE. m St., f na 1 

tier (dp ( 17 


data reduction sapplicati 
tion is automatic with disp i 

0.2.5 see or manual with infinite 
display. Beekman Instrument Ine.. 
Berkeley Div., 2200 Wright Ave Rich 





mond, Calif. bg 
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| iratus, for gaseous carbon-14 
sa met l that in es 
; Istiol dionetive 


* phe, oul moples by the Van Sly ke-Folech 
DS tec} it ind assay of the resultant 
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3: € @ | ane ee ee a ‘ Carbon-14 Counting System 
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. _ oe 7 ete ed t hich <ensit t i 
-—_ ‘ = siti i i : 
Viis-pl ‘ ’ ortionn ( unter Bern- 
thie counte il Tlie 
tein-B e tulbry tor ‘ 


Interval Timer perenne it ee determining counting sensitive volume 


ti sumple size ove 
The model 432. times pre lt thre the antir inge (0.1 15 mg) of the eezing t uv t< \ 
ranges: 0.01 9.99 msec, 0.1 99.9 mse itimietads Mattias Disutsuinall u thane rest Count- 
and 1-999 msee Instrument Che Cor) 129 W. Erie St ng t t eb 20-em 
serves iis totalizing counter wit! ( 70 10.7] P-16 ' el . Background 
capacity of 999 anda econd Ss less 1 150) cpm, unshielded. 


frequency standard with out 
100 ke. 10 ke. 1 ke. 100 @7 QO ep 


ana | Cps Control of start at t 





for time-interval measurement 
he by positive ol nevat f 


contact closure or Opening 


Glass-Braided Lead Wire 


This { ed lead wire is. fol 


combination of these Pott / 


ment Co Tn Th Losth Vi } {2 
Great Neck, N.Y Ply 
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i : wa a ‘ ; _ ai ee 
aaa 5 a Size ure S 10 awe. in anv one ol 
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Cold-Cathode Counter on ge : oh | aa : a, 


The model RC. direct-re a +i Ou ft ntrol panel without 4 af 
( ithode electronic eoutnte 1M ti t I { itior Control =witel itu i. a 


a al 
speeds up to LOQO0O) ept th tot te perated shutter in ¢] —& - Y 
Capacity of GAO ggg ( inte ( ‘ to block or permit 3 “ 
~ ; ~ ~ rf 


sists ol decimal unit preceding uit t ‘ t t iv! 





electromagnetic register 


is 30-70 volts, positive, wit x Serena oe zs Solenoid Valves 


l 


rise time of do msec and mu \ ( i LCOCUTAL D hy These cast ! nha t-stee Nenad 
duration of LO) uses lal \| ew station ig init) con- lve ( en A to 21n 
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“Soci sone Complete instrumentation for swift, 
“vue SUP, fast circuit measurements 


Ithomatic Valve Co 
WOE BAND ANOLE ER 


ott St Indianapolis - - soon ~~ 
f amen rece ae 
i 


pr) ~an 


hp- 460A Wide Band Amplifier 


hp- 520A High Speed Scaler 


Densitometer 
The , ‘ DSA-102) seminutomat i 
ad lor pREper 
ite electrophoresis 
ntitutive evaluation of 
strip or sheet without hp- 46A Connectors 
are plotted directly 
en table. Inter- 
Ulsan apertures 
scanning are pro- 
ral from the red 
phototube is read by 
er. Adjust ments 
e out dark eum 
light, giving full 
Vatthew Labo 
| 


hp- 410B Vacuum Tube Voltmeter hp- 524B Electronic Counter 


-hp 160 series Amplifiers give you up to 90 db gain in cascade, true 
amplification of millimicrosecond pulses, 0.0026 micr second rise time, 
125 volt open circuit Output and 100 megacycles bandwidth for standard 


oscilloscopes. -/p- 520A High Speed Scaler is an aperiodic instrument 


for precision period pulse counting trom O cps to 10 me. Its double 


pulse resolving time is 0.1 ysec, triple-pulse resolving ume 0.2 psec 
-hp- also offers a complete line of electronic counters, oscillators, volt- 
meters, VHF, UHF and SHF signal generators and other equipment for 


nuclear radiation, television or similar work. 


GET COMPLETE INFORMATION TODAY! 


HEWLETT-PACKARD COMPANY 
Dept. N, 3039 Page Mill Road, Palo Alto, Californi 


. Please send details on: 
Dissolver 
460 Amplifiers 520 Scaler Counters 
the Voltmeters Oscillators Signal Generators 
the motor 
unit with the 


Name 
; ELECTRONIC TEST 
rom the bottom INSTRUMENTS 
ela “ 0 ¢ 
rimed for Speed and Accuracy Street 
permuts pres 
om ; City 
SUurizZ t tl ink The machine is 


1 


Company 
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SUPER HIGH PURITY ee ‘fe 


ri (‘oa ( (0 Tne os (Cayuga 
Vv.) P-22 ; 





by the trouble-free yy 
magic of ion exchange 


Miniature Amplifier 

The model 5116 miniature amplifier is 
i plug-in two-stage low-noise pre- 
amplifier or booster amplifier. Gain 
is 40 db. Input impedance is 30, 150, 
250, and 600 ohms; output impedance 





is 150 and 600 ohms. Output noise is 


ial Penfield Mono-Col- 7 | equivalent to input of 120 dbm: out- 
= , Demineralizer Miniature Resolver sk onan te-4-90 died, tenn tak oS 
° ri rar 
odel M-1 urity Phe e 15 Telesyn resolver con- pms total distortion, 50 to 15.000 eps 
of effluent: less than ms total distortion, o ) pps. 


04 2 ppm. Flow rate Tinton erlormis trigonometric oper= Frequency is +0.5 db, 30 to 15,000 eps. 
+ on gg tien ng resolution of input Langevin Mfg. Corp., 3% W. 65th St 
} sions 2 # Ra 5 
' Features inspection é ut te rie t Tpan Vew Yorl Ae P-25 
| window that allows ent Three models  provict 
easy inspection of f { tios of 1:1. 4:1. and &:1 

| crucial middle dis- 

tribution system uM 
ings Aluminum shell ts 
{ for flange mounting Re 


f rated at 1-24 volts, 400 cevcies 


Penfield Mono-Col- 
umn Demineralizer 
Model MA-1000. Pu- 
rity of effluent: un- 
der 1 ppm. Flow 
rate: 1000-1200 gph. 
Dimensions: 2’ x 5’ 
x 5%’. Features 
automatic shut-off 
and signaling de- 
vices and fully auto- 
matic regeneration 
system. 


it It mav also be used for sucl 
perations as synthesis of two voltages 
tation ot coordmates, Ford 

[nest ment Co (1-10 Thomson lie 


/ [sland City 1, N. P-25 





Penfield Dual-Col- 
umn Demineralizer 
Modei UL-60. Purity 
, of effluent: 5 to 10 
f a ppm. Flow rate: 75- 


a 100 gph. Dimen- 
sions: 2’ x 2’ x 41’ 
1 Features self-con- 





The type 513-A Q standard provides 


tained stainless an accurately Known Q and reactance 
steel control cabinet 
in which regenerant 
tanks are stored 


and offers a convenient check for over- 
all Q-meter performance. Nominal 


inductance is 250 wh and is specified to 


READY TO OPERATE ON ARRIVAL! 


Available in a wide variety of 
mono-and multi-column models 
(flow rates from 10 to 10,000 gph), 
all Penfield Demineralizers come 
equipped with regenerant tanks and 
all necessary gauges, flow meter, 
conductivity meter, etc. On arrival 
at site, simply connect the com- 
pletely “packaged” unit to service 
lines and start receiving super high 
purity Penfield demineralized water. 


Any model Penfield Deminer- Temperature Control 

alizer may be secured with 

automatic shut-off and signal- Phis nstrument ndicates and 
ing devices and a fully auto- 
matic regeneration system 
Special control systems for the 
automatic maintenance of the 
purity of storage tank water spmniclit ; well as vapor gas on 
supplies also available , akin wis al 7 


| ¢ Distributed capacitance with 
tvpe 160-A or 260-A Q-meter, is 9.0 
to 2° Boonton Radio 


- ¢ 


bul specified 
Corp., Boonton, N. J P-26 


t 





trols tw temperatures It is available 


t! vet ind drv-bulb system for 








ed thermal systems. Dual 
Write for fully descriptive catalog. a a a aa Hot Plate 
PENFIELD M'FG. CO., INC. Se ie, eas Che bd Oend tent olata- 1 

19 High School Ave., Meriden, Conn. i radlig r pce sian nde, - , sh oT esi 
( e 4 coded. to their respe tintiously adjustable control from room 
Filters - Softeners - Degasifiers - Demineralizers —— spe: — divin 
tive te VWinneapolis-Hone r temperature to 270° ( Surtace plate 
i Ri / ( ly trial Dir Wayne temperature varies less than 3° over 
PENFIELD “PLANNED PURITY” PAYS! Seam binky, Sbsbiehie dt Gee Socks: Seugh,. “Sis: wings 
P p-24 plate reaches maximum temperature 
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‘ower consumption at 
perature Is 495 watt- 


Sockets welded to the rear of 





late standard dovetail 

1 l rt ol apparatus 

ibove the piate Therm ERlectric 
Ufg. Co... Dul ¢. lowa P-27 


sa] 
vicTORES esasentoe™" 
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, SEND NOW - 
VIGTOREEN CAT ALOG 


Analytical Balance 


Phe el S-AL single-pan analytical 
t minimize operator 
I knobs are located FACTUAL DESCRIPTIONS 
linstrument: vernier- 
y sat eve level. Two ILLUSTRATIONS 
ng_knobe are located st TECHNICAL SPECIFICATIONS 
intelevel Vpe eu 
() made of nonmag- REFERENCE CHARTS 
im alloy Bearing sur- 
edged, optieally ground “uk 
Weighing HWnes a e cla 1 
5 7 8 na . RADOCON ... measures both rate and total 
: ¥" a roentgen output. 
\ \ ree 
: P.98 NEW THIMBLE CHAMBERS. ... for the 


RADOCON, ROENTGEN RATEMETER, 
CONDENSER r-METER. 
PERSCINTICON... measures-radioactivity 
directly as percentage of a control 
standard. 

GAMMA SURVEY METER ... for high 
accuracy over a broad energy range. 
WY: te) 7 Uke) Oa ie Bela wale), | 
COUNTER ... for high efficiency 
counting with simplified operation. 
SCINTILLATION SURVEY METER... 

a dependable, low cost, general 
purpose instrument. 














Phe Kay electronic moisture meter 


ndings The Victoreen Instrument Co. 


‘ principle. The unit 5806 HOUGH AVENUE : CLEVELAND 3, OHIO 


cit 
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THE NMC PROPORTIONAL COUNTER CONVERTER (0000 vote content trom 090 









t t ile 
het ture: the ; 
\ | pu hun 
{ ! 0.0 V 
/ / De) VV yn A 
@ No window absorption @ 2 = geometry @ Full Beaver St., Ni bork 4, .\.} P-29 
dy yield a counting @ Differentiates between a 
f J ‘ 


and @ @ Negligible resolution loss @ Adapts 
any scaler to proportional counting @ Rapid 


decontamination 


MODEL PCC-10 


‘385.00 


F.O. B. INDIANAPOLIS 
= 
FREE CATALOG 
\ Catalog’ N-8 covers NMC’s 


\ complete line of nuclear 


oe instruments, 
me 





>: Foremost Manufacturer of Proportional Counters lependent oF certam voltage range 
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Wal Nuclear Measurements Corp. i. sis ich oF 150 140 volts 
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2460 NW. ARLINGTON AVE. « INDIANAPOLIS 18, ino. olts and high of 255-255 volts 
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WINSLOW 
MEGOHM DECADE 
RESISTANCE BOXES 


Accuracy within +0.1% 
in high megohm 
ranges ! 



























Re im in th \ 
are wound ¢ V 
! t “dl vire 
ient over nge 
i . 
ne within «le ation f 1°10 of g ¢ 
temperature range nd pr even § \ M . rea n1l.2and 
oom temperatures. Accut fre 4 resistance ranges to 111.1 megohms. SO-Ampere Relay 
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The PR-1LLOOO series 5SO0-amipere relay 
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Interior view showing us 4 
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rent leakage and highest 
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Manufacturers of Precision Instruments for Over a Quarter of a Century Oy ¢ t 
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Rapid Electric Co. makes Bench 
Selenium Rectifiers in 18 standard 
models--each covering a different 
DC output range and each com- 
pletely portable. You buy the model 
that exactly fits your needs. If one 
of our standard models can’t do the 
job, we can design and build special 
equipment that will. 





Regulated D-C Supply 








The model \PA2SSO tubeless regulated 
gy magnetic amplifier 
: | SO0ampersat23 22 —=—_—e_ 
A it regulation accuracy is + 1% 
yy t d load combined Sor- 
Pe Ln 05 Fairtield Ave., 
‘ ( (P-32 
Copper-Graphite Contacts 
Phe types UC-5 and UC-7 copper- 
i te etrical contacts, made by 
ler metallurgy, suid 


gy processes, are 
\ conductivity and 
ter mechanical strength than those 
ie Dy Inpregnating graphite with 


per, Graphite imparts  self-lubri- 


iting properties, reduces welding 
does not tarnish, Gib- 
Frankstown  <Ave., 


(P-33 


There’s a 


RAPID Bench Rectifier 
for YOUR application... 


THE NAMEPLATE THAT MEANS “Alose Pure + Yr 









ALL Rapid Rectifiers require no 
warmup, no maintenance, have long 
life even in continuous full load 
service, are easy to operate; with 
regulation, ripple and efficiency to 
meet your specifications. Cost is 
low, too—prices start at $79.50 with 
full controls. 
Write for Catalog S 

— 


. 





RAPID ELECTRIC CO. 


2879 MIDDLETOWN ROAD,-NEW YORK 61, 


FS 
Phone: Talmadge 8-2200 





A copy of this quick-reading, 8-page booklet is 
yours for the asking. It contains many facts on the 
benefits derived from your business paper and 
tips on how to read more profitably. Write for the 


“WHY and HOW booklet.”’ 


Diffusion Pump Oil 
Chis diffusion pump oil, Ceneoil-B, 
uctionating 


2-ethvl- 


sion and fi 


highiv purified di 
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McGraw-Hill Publishing Company, Room 2710, 330 West 
42nd St., New York 36, N. Y. 


Want more information Use post card insert in this issue 
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ffusion pump, it pro- one having the range of the other. 
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fore r ine with OW heat input, Vassachuselt 1ve.. ( ambrudge 59, 
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Impulse Magnetizer 





The model SLOO magnetizer is designed 


to magnetize shapes that cannot be 





processed wit] in electromagnet In- 


put power requirement is 220-440 


Amplifier System volts, 32-16 amperes (maximum 60 








| 19 { { veles single phase Control circuit 
ri¢ ‘ ( it mpiher svstebi pro ! 
pul | ‘ ; 
} Stu bilizes voltage to 2% lor line- 
i i complete static and dynam 
voltage fluctuations of +10 to 20% 
( measuring system It is contained in : ol 
t t t I t} t Raytheon Vig Co I: q dipment Sales 
VO Ser on one COnTALNINY ie recti- - : a 
Div., Waltham 54, Mass (P-37 
nel egulatol id oscillator units 
DESIGN nd the other the six amplifier channel 
init Vstem utilizes a stable 


5,000 irrier frequeney. Resulting Erbium Oxide 
DEVELOPMENT ee aio 


- ordings have — flat This erbium oxide, of 98% minimum 


esponse from zero to 1,000 cps; less purity, has as its principal impurities 


MANUFACTURE than v.01 rhs input signal is required Iractional percentages of dysprosium 


I e output Heiland Re holmium, thulium, vtterbium, and 
ea ( [30 Kh. Fifth Ave Denver vttrium oxides Detailed analyses can 








(4 P-35 be furnished with each lot. Research 
Chemicals, Inc., Box 431 Burbank, 

For nearly half a century Koll- 1p 9 
(la uy | = 


morgen has designed, developed 
and manufactured precision op- 
tics and optical systems for in- 
dustry and the military. 


We have the engineering ‘‘know- 
how”, the design personnel and 
the manufacturing capacity to 
help you solve your optical 
problem. 


4 a "87 \J 
KOLEMORGEN @ 
falical CORPORATION 





Plant: 347 King Street « Northampton, Mass. Phe typ 722-MD and 722-MI] 
sien Meth Oita eile is rated in terms of | lime-Delay Generator 
30 Church Street t ( Herence rath than The model A-5 time-delay generator 
New York 7, N.Y. te na tunce; seales read d produces variable time delays from 1] 
peeeeeeeeeeeeeseeseseeeereeeee fanee removed Trom = to L000 pser Three ranges are pro- 
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full-scale readings of 10 
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Pulse Transformers 
transtorme! sample 
-each of types 
-3, provides units 
They are 


tube 


mental circuits 


wtal-base plug-in 
vith magnetic, wound, 


Respective chuaracteris- 





ANNOUNCING THE §G-2A! 


SPECIFICATIONS 
Scale of 100 or 1000 


Anti-overloading amplifier 
with Schmitt discriminator 


One millivolt sensitivity 
Pre-set or elapsed time 
Push-button reset 

60 cycle test provision 


5 microsecond resolution 





Superior 2500 volt power 
supply 


A NEW SCALER 


Wtilend 


@ Etched Wiring 


@ Encapsulated High 
Voltage Transformer 


Anodized Aluminum 
Construction 


Tmc makes a complete line 
of nuclear measurement in- 
struments including rate- 
meters, scalers, pulse am- 
plifiers, and high voltage 
power supplies. 


Catalogue upon request 


MC 


TECHNICAL MEASUREMENT CORPORATION 


P. O. Box 1947 


t 

100, 
0.04 
is 20% 


> . 
sE0VET 


dance 


100 120 
0.03 usec; 
Berkshire 


Pond Rd., 





0.04 





New Haven, Conn. U.S.A. 
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LAB DOLLY montis 


with 8 power outlets (1500 watts, 110 VAC) 


and a 10 foot heavy duty extension cord 
Ball Bearing Swivel Rub 
ber Tired Casters 


* Recommended by Lab 
oratories wherever 


used, 


Price 49 50 


FOB Louisville, Ky 


TECHNICAL SERVICE CORP. 


1404 W. Market St. 


Constructed of Aluminum 


Features 2 Shelves for 


Gas-Volume Meter 


Equipment and a pan for 


et-si ze was 


gas-volume meter © 314” test leads, notebooks, etc. 


high, 


long 


183” wide, 





cates volume 
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1. HV-1 DIFFUSION pump igh speed oil-diffusion type pump with an ulti 
mof4xl mm. Hg igned general service including nuclear 
research or material processing re g its features peeds up to 67 liters /second 
Clear glass pump barrel pling, charcoal traps 

or mechanical wear 
2. 100-1G IONIZATION GAUGE 2 


will measure press 


INDUSTRY NOTES 
P Fischer & Porter Co., Hatboro, Pa. 
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low cost... 
dependable... 


KELEKET 


For the 
Best 
po ible 


personnel 


CHARGE- 
READER 


radiation 


prote ction 


K-430A 
AEC 2AE-1B 





This easy to-operate wat f 
voltage and light source w 
Keleket Pocket Chamber 
idequate protection rainst rad 
tion exposure dancer An 


Chambers 
ind read on it. R 
e: 6! | 


ber of Pocket 
charged 
() to 00) me \ 
4 
Also, used to charge Kel 
ket Dosimeters 

Write for FREE Bulletin! 


KELEKET Instrument Division 
266—5 W. Fourth St. 
Covington, Ky. 


can be 
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@AN WASHERS 

@Special Screw : 
Machine Products x 

@Class 3 Screws 


@ AN Drilled 
Fillister Heads 
@Studs, Standard 

& Special 


Star Stainless Screws Have 


Clean, Bright-and-Shiny Heads 
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SEARCHLIGHT SECTION 


(Classified Advertising) 


EMPLOYMENT: 
BUSINESS: 


UNDISPLAYED RATE 





“OPPORTUNITIES " 


:EQUIPMENT 
:USED OR RESALE 


DISPLAYED RATE 


$ 








DEVELOPMENT 
ENGINEERS 


FOR: 


Design Engineering, Practical Research, 


Investigations of Theories, Functional Analysis 


An intere 


Automatic Control Instruments 
Electronic Navigational Aids 


Magnetic Amplifiers 


For these jobs we are nterested in n 


] } 


in electro-mechanical work related 
physics 


superior scholastic records 
engineering 


y challenge 
directly with top project 
prototype tag new deve 


1 with two or re yeal 


ectl al i roni ol 


to work 
through the 


helping 


© Airborne Armament Systems 
© Guided Missile Controls 
© Computing Equipment 


experience 
e abo fields or in men with 
mechanical 


YOU’LL LIKE WORKING AT FORD INSTRUMENT 


® Not too large, not too small 

© Stable but progressive company 

© N.Y. C. location with all its additional 
varied opportunities 

® Above-average fringe benefits 


Our policy of permanency of positi 


allow us to employ 
them pro ected years into the future 


enginec! 


If you can qualify, we urge you to c 


t bY Mall, O1 


© Pension Plan 

® Nine Paid Holidays 

© Two Weeks vacation with pay 
- 


Tuition assistance for further related 
studies 


1 continully o ice Gort not 
eed jor 


we promote from within 


if in N. Y. C. phone: 


Mr. P. F. McCaffrey, Stillwell 4-9000, Extension 416 


FORD INSTRUMENT COMPANY 


Division of the Sperry Corporation 
31-10 Thomson Ave., Long Island City, N. Y. (20 minutes from the heart of New York City) 





This is where You should be, 
if You 


* want employment 

* are offering employment 
*have used or surplus new 
equipment for sale, or want 


such equipment. 


For information on how to reach the 
important men in the nuclear field— 


economically—write: 


Classified Advertising Div. 


Nucleonics 


330 W. 42nd St., N.Y. 36, N.Y. 

















Want more information? 





OPPORTUNITIES 
for 
ELECTRONICS ENGINEERS 


with design experience and ability 
to analyze circuits using low 
frequency amplifiers with feed 
back. Interesting work with liberal 
salary and employee benefits in a 
successful organization. Send 1 
sume of qualifications to 


P. O. Box 550 
Ridgefield, Conn 
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THE 2000th LINEAR AMPLIFIER BY ATOMIC 


—- “a 


he from this experience, a better Linear Amplifier Ss 


for your laboratory 
































Atomic’s experience, gained in 
building these two thousand 
Amplifiers, is available to you 
today in a broader and more 
complete line of Linear Ampli- 
fiers for research. 














Models 204B and 204C (shown) have achieved widespread acceptance by radio- 
activity research laboratories for reliability in) proportional and_ scintillation 
counting techniques. Evolved from the original Oak Ridge circuit, these instruments 
are modestly priced, yet offer excellent linearity over their entire operating range. 


Features common to both models include: 

GAIN CONTROI by coarse attenuator, in 6db steps to 30db 

INPUT CIRCUIT designed to be driven by low impedance source (model 
205 Preamplifier). Amplifier can be utilized alone with either positive or 
negative input signals. 

TWO OUTPUTS low level to drive a coaxial cable to Sv., 1500hms; high 
level to maximum signal of 100v. 

DISCRIMINATOR — precision calibrated pulse amplitude discriminator operates 
at high level output. 


Model 204B has a three-position switch for selecting the pulse shaping time 
constants. Maximum voltage amplification is 15,000, 


Model 204C has separate switches for selecting the amplifier rise time (0.2-2 usec.) 


and the pulse decay time constant (0.16-16 usec.) over a wide range of values. 


LATEST OAK RIDGE DESIGN OFFERS ADDED FEATURES 


Patterned after the latest Oak Ridge design Al-D Amplifier, the Model 218 ofters 
greater stability and better linearity tor more precise Counting techniques 
New Design Features 

more electrostatic shielding of amplifier and discriminator, 

separate transformer to supply tilament voltage to preampltier, 

hermetically sealed transformers and chokes throughout, 

a helical potentiometer for precise selector control, 

improved overloading characteristics, 


The Model 218 Linear Amplifier includes a “Test Pulse Input” receptacle and 
a “Use-Test” switch for teeding low amplitude calibrating signals from a pulse 
generator into the last feedback loop to facilitate use with a pulse height analyzer 


CONDENSED SPECIFICATIONS 


For full information § on 

Atomic’s linear amplifiers and Linearity: Within 1, from 0 to 90 volts output 

Bandwidth: Delay line (2.0MC) 9.5MC 0.1MC 
Rise Time 0.2usec 0.7 usec. 5.Ousec 
Decay Time: O.8usec. 5.Ousec, 25usec 
Maximum Gain 1,600 6,000 12,000 
(High Level) 


preamplifiers, please request 
Bulletin 200 





SALES REPRESENTATIVES 


0 T 0 Mm j C aD) L N S T RUM ENT H. E. RANSFORD CO. — 2601 Grant Bidg., Pittsburgh 19, Pa 
W. A. BROWN & ASSOCIATES — Alexondria, Virginie 
Cc 2°) M P A N Y Branch Offices — throughout Southeastern U.S 


PACKARD INSTRUMENT CO. — P.O. Box 428, LaGrange, Ili 
84 MASSACHUSETTS AVE. CAMBRIDGE 39, MASS. SenniNe GHEE vx: Guo. Aenanben tity Cull 


- Branch Offices — Son Francisco, Calif. — Albuquerque, N.M 
Linear Amplifiers, Scalers, High Voltage Supplies, Scintillation Counters, RON MERRITT COMPANY — Seatile, Wash. 
STRAUS-FRANK COMPANY, Eng. Prod. Div. — Houston, Texas 


. . . CANADIAN MARCONI CO. — Montreal, P.Q. 
Differential Pulse Height analyzers, Accessories. Branch Offices—Toronto—Winnipeg—Vancouver—Halifax 











Count Rate Meters, Coincidence and Anticoincidence Instruments, 





NOW er modern successor 


to the galvanometer 


the new 
Zlectranik 


Null Indicator 


electrical 
characteristics 


INPUT IMPEDANCE 
1500 ohms 
CURRENT SENSITIVITY 
0.6 x 10-9 amperes 


per mullimeter 


VOLTAGE SENSITIVITY 
I microvolt 
per millimeter 


OPERATING VOLTAGE 


ts, 60 cycles 


If you use galvanometers, you'll be interested in the new ElectroniK Null 

Indicator. For here, at last, is the lab man’s ideal d-c null balance detector . . . 

completely free from all the limitations of galvanometers. 

It's easy to use—no “loss of spot’”’ from excess signal; bridge balancing oper- 

ation is simplified. 

It’s self-protecting — will take heavy over-loads without damage. 

It’s vibration-proof —undisturbed by nearby traffic or machinery. 

It goes anywhere —needs no leveling or special mounting; plugs into 115-volt 
60-cycle line; small case fits readily into experimental set-ups. 

It’s stable—holds steady zero after warm-up. 

It’s fast— indicates in less than one second; ideal for production testing. 

it’s sensitive—suitable for use with high precision measuring circuits. 

The L/ectroniK Null Indicator is priced within reach of any budget. It will 

be a valuable asset to your lab. Write today for complete information. 

MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, Wayne and 

Windrim Avenues, Philadelphia 44, Pa. 


REFERENCE DATA: Write for Instrumentation Data Sheet No. 10.0-12. 


Honeywell 


Fests on Coritiols. 





